(19) Wor^d ljst<*llect^il Fm|>^*rt5f Os'^s^nilss^l^osi 




liilliiiifjiliii 



(7%} In^s/^^fi^m-m s«t5d 
(USX 



(74} Ags?Jit; BmiAh^ Mam 



kmid 4f ?iii£mtml f>mif^:tfmt avaiiiiMi^fZ Al.^ j^.M^ 

Ab AZ,BA. EB; BO; Blf. i^W^ fe, CA^ CH. 
C:N, CX>/CR. ei^ C^J>H, HK;. DM. m>, D^S. BC- miK}. 

Bs, OB. <:5i>. OH. OM. G t; im . f iR. ixr;T, ox II.. 

JN. l.S. JP, Ka Kf-j. KM. KN, K.i^^ KR. KZ, i.A.. LK, 
LR. LH. Ll\ LU. i.W MA. MH. Mf?. ^5K. MN. fvYSV. 

SL\. M'V. \JA >ia. N!\ NO, f>M. PC?. Pi., 

Fi:; EO. R5v, RIj, SC^ SD, ^B, SK, SM, -SV, 
"O/TM, TN; J R, Ti; IZ. O A. U<>. OS. VC. VK, ZA. 



x tM\ kk. I Mw, MK. NA. Hix SL. s;=r,. V/.. l;c5, zm, 

ZW), Eiisi:^shi« (AM, b y; KG> fCZ, MD, RU/TJ/TM), 

<5r:*iu, IE js. IX i.;u> iA^ Mc;, M^r^ nL,¥U 

OA^ QH, tsQ. OW. Mi, ?v^K, 5>N, Tt?, ^'O). 
-- ^,^^v<:s^¥^^ >rj?/f%? /iJ^f ^ v;// 



5- Cross^R^fermtce to Related A|?|?liea^dfia. 

1 Ms application clauns pdont^ of |J.S> Frovi^ioiml Ap|>iis;aii0B No. ^50/742^586 
filed Decemb<?r ^> 2005 . 

FMd of rtie^ li^ 

The pj-eseiit uwesition relates generally to the field oC immuii£?ge3is whos«; stroelHres 
1<> ip0orpo??ite polypeptides cqiT^pnsjng epilopic pepti<|es denyeid ftom pmtems expr^sjsed by 
<:^mic€^r c^ll^, preferably emce^" stem <:ells^ and to uses of said imtBunogem fbr the treaimej^t,, 
pre^^eation a«4 diagn0si.s of cs^tvc^r^ niii>sl pref etabiy ovairiari bpeasft engineer. 

There is no euix? i<>r careen Sta^^dard treatments include surgery, chernatherapy ai^d 
radiation therapy^ which are only temporarOy et&elive in slowiiig the prt^gressfen^ 

15 stage di^tsgi^^v Severity to mpety percmt 6f cancer pMmts die iram rec\iTT€;n<^ of disease 
beqaascj stamiard treatmeot^ iail ta iemdi«;?ai^ r«^skiqa! tumor <?ells. These eelfe i^veotuaily 
nietastasize. fcilliiig^^t^^^^ patient. Tfee orsJy way to ciire cmlcer is to eBmmiUe all rc'sidiial tmtaor 
^eO$E tl^itighout th^ body to j>rev ent mmireneev Id^ally^, ?^atmedt wpuld $ele<^^ fciJI tyjt^pr 
0€Jj|M and woMd rH>t adv^e;ly ^0eci healtkv c^ls. Cb^ sB^ans i<> sde<:^ively kill tijqrnor 

20 eeljs is fey aetive irnm^moOterapyy whirfi ai?tiv^tes tlie patlent^^s own mmmn^ system to 
reeog£^i^e and kill tim>or dells. 

It has ioiig^ ta^eix recogmzed that oi^ly^ a v^ry smalL percentage? of cells iji many types of 
tijimos^ as^ capable of immo^a^ growth (Southam C Bruri^^kwigs A. Canc^er 14:971-78 
25 (1950): l^eya T.^ et al. I^iiture 414:105-11 1 (2^01)), TlK?re ^ growing evM^ce t1iM €:a^ 

st^m ceite are pr^^s^e^nt ina s:iuml>er 0 leiskemia (DIdk i.Ev Carjoer Cells 3:39- 

48 glk>ma (Singh S, et aL Nature 4:^^:396-40 11, and H. Cjev^i^ 

Nalijre 454:S43-S50 (20O5», ovad^n CBapai S , et al, Cai^w K^s. ^5:3025-3029 breast 
CAI-H%j M., et at Fmo. NM. Acad, Sot 100:3983^3988 (2(X)3» lujig {Kim, et aL, Cell 



12I :i23^S36 (2<)05)X i^st^te (Setelkm J, Wid ygEn L^eq^d^ O^rr. 0pms<>a ^arietlcss arid 
Development | 4;4S-54 (20D4)), retmo bias totisa (Dyer ^ smd R> Br^^n^r Nssttire Re^ Cmicer 
5:91-101 {20(M)} and he^p^tooello^^^ earcinoma (Msia et al. Hepatology !6: !3I?-33 (1^^^))- 
The caocer Mam cell hypothesis (Reya T< et Nature 414:105-1 II (2002)) teaeh^ss thai certain 
S tymors odg:inate flotts mxd persist due to miitatmns^ in stem cells that underge neoplastic 
transfooT^atiop^ xesaltii^g in onregulated, immortal pra!ifemtiori> Transfbrmed. imixsc^rtal stexii 
ceils gim jn?1ferred tc> as camber stem c;ei|s (CSC). CSC t^ieally c<st£^^ a small ^ufes# of 

th^ totai Stumor ogll pOj^ulMiOTi:, ibr exait^ple aj^>mxtoat0ly to l/SOOO 

cells it% hmB Ivtni^w 1/1,O0Q=,OO<) in leukei;nia jpell^ J. Soi^qe 301:I3CIS-13I0 

10 C^()03))v %reast tiimoi:^^ di^tinet cla^s^is of ce!l§ ^av@ besen isoJ^e^^ i?¥olii*3mg CSC cloj^al 
liiiesj tlmt contiTmoiisly prolifersto^ and cell ^cspulatioBS that termitially dififeretitm^ 
l^w dm^losis {Al-Majj at ^1. Ptx>c. I^at Acad. SckI00'39S3"39S§ <20()3)). Cancer stem cells 
Itavs: i>een isolatisd iron^ e&tabHshed tumor cell Imes ( Oud|on^5Son, T., Villadsen, I L L. 
Nrelsen, L. Rennov-^Jessen, J. Bissell, aed O, W. Feterse?^. Ce^ies Oev 16:693 (2002); 

IS KoTido. T.^ Seloi^chi^ iaod T. Tag^a. Froc; Natl Ac^d Sci U S A 10] :78 I C2004); Fpmu P.^ A. 
Costa^, Za3RijiTom> O. Ftmpsu 0> PetraTigoimi> Jp. Coraciini^ S> pllotti^, M: A, Fiemtti, ai>d M, 
O. paidoim Catheter Res; 65:5506 (2605)) and retam the same phenoty|>e as the tm«r>i^ ftom 
whieh ti^ey were on giiialJy isoJated. 

20 Ev^da?iesj fern sev^^sT^i tMsrior t3?pes suggests that |^ m>i!itmi stem 

cell Hinction^ notably Wr^t. Hotch, and Ssh, become "dy^egtilatM* Iti <!:'SC Thareibre; 
lindersstaiidrng the neoplastic charig^ss that occur hi these patBways should load to an 
li^ederstaitdiii^ of how tiimors foTrn. how they arc maintainod, how drey evade staridard 
treatments, and how they caa be eradicated. Thore is a need in the caticer field to de^el<>p 

2S themp^utic stmtegioa io target ar^d kill immottal cancer cclls>. preteably CSC,^^ a^^ to Fcevesit 
their Ti^prrence^ m order to c^st^e patients of th© dise^s^e;^ 

Obat^ct^jri2:ing the prapeilses of turnors^ and in particular irotnoital oaneer stem c€?lls, 
wbich are ikip^i^nt therapeiitjo^ targets^ ha^ proven exitremely dsfBeiiilt, Di0^5ts^nt:ial gi^sm 
30 expressiori jms been wadely used to identi% cancer-associaiod ^erse aetiyity to identif^^ caooer-^ 
associate gene products having potehtiBi tltem|K3iitsc or dsagn^sstie v^lue. However, this 



api>ix>a«^ bB$ generate<3[ ^unrnanagss^ly larg^e attnoiiiits of datat* (Rhodes, D> at, Fmc. Nat, 
AcM, Sci, 10I:9:;^09-9314 (2004)). Typically^ Nrge gene expre5>c?i0n prolile databases are 
gj^oemied iroTU e0ii:n^^ aj^d cancerom tij^si^es Mentify ger^es that are dili^renti ally expms^^ed 
in CEs>sier: tl^at Is^ -up- or dowrt-fegolated in tumor eells com to nonital cells. In order to 

S ysiderstand the fiindamental uiid^rlymg meebanisms of cani;er. eomicierable et&rt also 
be^5?> invijst^d idenlilymg gene products cs<>mm<>n to mulliple tumor types (Ej^odis^ mi ^h 
However, the Va^t amoum of d^ta thai h^ve b^en gs=ilerated by mi^sit^rray ajmlysls hm 
magnified the amo^mt of in^rmaiion available wstbpt^i ^iyiitg^ tl^^ drilieal pmM^*jm of 
dat^rmming wlilali ess^tral features of sreoplastie transformation asa<i pmgi^ssioH at^ 

10 >hamctertstic of CSC, aiiE<l which |3i^^^ of CSC caii be exislost^ to dewlop targeted asld 
|50tesit tliesr^peiitio?? to ejmis^ate OSC ami to pr^e^ept tuTpor r^ecup^nce arid m^^sijaajis. Bees^as^ 
tumors are highly heterogenemis* mi^d cancer stem cells are onlj^ present m very small 
qaaistities, ^mm mjprmsion studies over-repr^sem the eel! popiilations tliat tenBiiially 
differentiate and mask the charaetedstics of the very small i^ropoitien of CSC in the tumor that 

IS cootiBually prolileraie. Tbi^> Invei^tjon addresses tlm ne^d Ihr idei^tify iiig eapdi£!ate55 for 
iherapeuties tliat target OSC and destroy the smuU fraelion of tieopisstic e 
are responds We fc^recu^ and metastasis> 

Existing target^^cl dni^ trs^trneot Mm^gles, for ^x^nple s^itsaH mdiecuies and antibodi^% 
20 tar^^ g?e?iie p^roducts of diffee^^ whiish shrink ti^^ors^ %iit stre not elective m 

killing CSC. This irjvehtiori provMe^ methods and oom|K>sitions fer largetmg and destroying 
OSC to er^di<^at<^ titoot^ aiad j^r^jvent t^cusr^nm and m^ta^taj^fe. 

loimenotherapy ean be tssed to efficiently target ar^d kill tumor cells thmogh th^ 
25 themi^eutic a|>plioation of tui^or r^eetion autigen?^^ which caji be expr^s^d as peptides^ 
oli^ps^y des or ^lype^^ Imrnimotlierai^y cm used po^t^^i^ ^aid <:li^arnoth€fr^p^^ 
eliminate r^^idml cancer cells throughout tfee body. AltemmHv^ly^ nrjmTOfjfth^rapy oan also fe^ 
iised at e^ri3^3tagfe^$ d^velopTrient, Stage I/IJ^ to indl^ce tmtjor s^^ieotion and ellmniate 

the tmnor cells^ from the body whil^ the mm^r feurderi is? low. 7 o achieve a elimcaJly cf^ctj^^ 
30 otJtcome fer the patierit^ it is essential to tr«;at with amigem thai will gttoul^e mi immmte 
i^^poii^e agaifist imm ^ells, mciuding ca^icer siem ceib> 
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The mammalian immutii^ s;y^teHi has avolveii a vari^ly of mec^aamsms^^ M pfmteot the 
tia§:t from diseased £*^n^> An important <:atn|>^ 

lo as <jyl0taxie T lymi>hocytes (CTLs), which are sp<5cialized immX3ne cells that te^ctioti 
pii madly by recogmi^iB^ and MHi^g dise?as?^d ceHs^ aad also by secreting soluble molec^il^s 
5 i^fep-ed to as cytol^ifi^e^ tliat cai> tsiedim^ a variety egrets <?o the immua^ systeTi>> 

JiVKteice sagge?5ts that irnmunotKer^py d^ighad ^sMmulate CTL, s^spons*^ 
speciSeally agakist cai^eer cells will be ei^ective in coiitmping and elijnhmtiiig c^^ cells 
(Clark, O and Voiit^erheMs; CBt^> Casit^r 1 1:5333 -533§ {S005)). The; largest Huniber of 

reports of hummi tumor- i^^etivc CTLs Itave eo^ieemed eanc^rs (Roseiiberg et al.. Nature 
IC) Medicme 10:909-91 5 (2004); Hwu P. and Friedman R., J. Imtrrunothempy 25:1 <2002J:; 
Booii, X. ei aL, Ann.RevJmmunoL, 12:337-365, (1994)). Tke ability of tumo^^^ 
mediate tutpor regresHioHs iiji boih homan (Ro^smberg^ A> ct ^i!>s M.Eogl JvMed.^ 319:1676- 
1^B0. (l^^SS)) asid animal models (Ceilus^i, C; ^ aL^ J.ExpJVlied,^ |S^;2S3-2B7^ (1996); 

15 97, {1996>>^ suggests that metliods directed Xo kxm^ming CTL activsty would likely hav^e a 
b'&Ti^Sf^sat efffel vVith respect t<> r^cogfe^ilioin ajid elimitiMion 'ti^f ttJt^Jor c-ells, 

ill order fer CTLss 1^0 kill diseased cells to ^c^erete cytokmes in rc:sponse to a ttimor 
cell, the CIX must Brst recognize that cell as being caeoerous. This process involves the 
s?^t«^etiOB <>f tl^e T oall rcsca|3tor> located tfee surface of tl?^ Cn^t., wstb what 155 g^nerically 

20 refeired to as a Maior Hi^toeompstibility Complex (MHCj'-p^^Me coi^ that located on 
tbe sot^ce of the tumo^^ c^IL MHC-encoded m<>li^oules have bee^ SHbdiVidM iht0 t\?i?<> types, 
and are re^feiETed to as c1 ass I attd class if MHC-eneoded tnol^uies, Baekgro und it^feoiiatio^^^^ 00 
cellular imi¥mTvity ar^d its m immunotherapy is^ 1^ and in iai^eway. C>, et aL (Im^^^aiiobiology: 
The Immane System in liealtb and Piseasa, Gbapter T Ce||-Med|ated BntTOs^ityv "5^^ 

2f Bditiop. Chapter ISBIM 0 B I a5-l<542-x (S^^OI )). 

In the him^an immvme sy^t^m^ MHC mo^ec^ile^ ate referred to as hum^t^ lesiitocyte 
antigetis (HLA). Whyn the MHCs So^^ate^ 0n ^ft^omomm^ -Mx^ t^t^ tbrse differmt genetse loei 
that encode lor class I MMC i^ioleoui^ MHC nifolecules encoded at dtese loci are refejTed to as 
HLA-A^ and BLA*C. The ^<?p«?s that cap be es^eoded at e^ch of these loci s^re 
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class I MHC ?>iokeules or^ the surfec^ of their cells. MLA^Al . MLA^A2, BLA-AS, lil.A-B7, 
and e LA -BS are examples of difi^rej^t clasps MHC molcjcules that can be e>£pmsse<l Irom 
these loci. The present disclosure involves peptides^ that are associated with tlie HI A-Al, HLA-^ 
5 or MLA^All moleciil^^s, HLA-^A I su|>ertypes, HLA-A2 superly|>es, aoci BLA-AI I 

sopertypes and with tlie gp:$e and protein that g^ives rise to these peptides. A supertypc^ is a 
gm^p o* BLA moiecuies prsesem m least one shar^ epitope. 

The pop tides that associate with the Ml I C molecules can ^^Itlier he deii ved from pmteim 
made wilhin the eell^ m whieh case they typical! y associate with class I Ml IC tno! eci^lcs (Rock, 

10 L. and aoMe, tL, Aon. Rev. ImmunoL, 17:739-779, (1999)) or they eao be derived from 

proteins that are acc|t>ired torn ontside o^ ocll, io which c^se they typieally associate with 
class II MHC rneleoules (Watts, O.^ Ann. Rev/ ImrHunoL, 1S:S21 (1997)). Peptides that 

evoke a csocer-speeine CTL T^s|>0£ise n^i:?^^ tvpieally associ^e wfth class I MHC ?iidleouIei?; 
however cqrtaiTs cancer aiitigen-reJated xseptides that eMcst a C"1^L response may be ^^ociated 

15 with class 11 MHC moleeuleSj, ibr example^ H^^^^eu. Tte peptides thai assoeiate with a clas^ i 
Ml iC molecule ate typicaliy pine astimp acMs m len^ti* biit can ymty from a mit^impm length 
of eigitt amir^o acids to a niaximi^^i of fburteen amino acids in leogth> A class I MHC molecule 
with its hound peptide, or a olass II M^JC 5$5oiecu1e witl^ it^? feouJi^ peptide^ is r^ierred to as a 
MHC- peptide eooiplex, 

20 The proeess by whj<# intact pmteins or ps>!ype|:^5dles are degraded into peptides and 

oligopeptides is re^emsd to as ami^m processm^^ Two major p^hways <>f mitigm processing 
occ^r witkm cells (Slsastri m et Asin, H^. Immonot 2<)r463-93 iE2002); KocK, JK:. aod 
Oolde, tL, Ann. Rev. Imm^siol., 17 (1999); Watts, Ann: Rev. Immar^L, 15:821^ 

BSO, (1997)). One pathway, whicii is largely restricted to cells that are antigen preseiiting eells 

■2$' fmi?h m dendntie cells, macrophages, and B ceils, degrades^ proteins that are typiealiy 
pltagocytosed or eodoeytosed into tl^e celL Peptides^ derived in this patliway typically bind io 
class? II MMG moleeule&, A second pathway of an^gm px>ces^h^g i& present in essentially all 
cislls of the bpdy* li^bis secc>ntl pathway ptiittariiy degrades proteins tl^at ai^ niade witliin the 
eeils, ^jkI tM |>e|5tides derived fmm thH pM}i\'^''^y^ Mml to class 1 MMG molec^des. 

30 Ai>tigen isroeeMing by this letter patliway tirvoive^ pol^^fsepti de sydtli^sis aEpd prateolysi^ isi the 
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cytopi^m. The pei>t:i^€S pit><iuced ai^ th^> transported isito the ^n<k>pl^isimc reticulum of tim 
cell, associate with newlv synthe??med class ! MMC mol^^cul^Sv as"id the reMitmg MMC-pi^^^ 
complexes are thm iransported to tine cell surface, Pepiides denvecl from membrane mxd 
secteted pmtei?5:S feve also Seeii idex^ti^ed. In some cases these pepiides correspOBd to the 
§ signal seqiienc€j of the proteins that cleaved 6"om the proteltv by the si^^iial peptidase?, Iri 
other cas^s, it is ihoaghl that some Iraction of the membmne secteted pmt^sSns are 
tmnsp*>fl^d fmtJi tlie endbpl^mie nstx^liim 53>t0 tbe ectoplasm whem proeessing siifeei^siently 

Once bouod to the class I MHC molecule aod displayed on the SMrlm^e of a ccIL the 
10 pejjtides are r^cositi^^cd by s^ntigen-speeihc receptors oo GTLs. Mei e expression of the class I 
MMG moleeole itself is msofScieot to tagger tbe CTL to Mil the target cellr the antigenic: 
peptide must he hound to the ^ c I MHC moleeyfc. Bie^ml methods l>a^ been 4^ 
*d«jatiiy MHC^^s^ci^ peptides jree^^^i^^ hy G'lX^^ach me^to^ teljdng on th^ ai>lHt>? of 5^ 
CTL to rac<^i^e mid kill psfly iha^ cells the Jstpi^ mdlec^e 

1 5 with the peptsd^e botJBd to it (Rosejibergv A., Imiidimlty, 10:2^1 -2 (1 Sttch |>€2|>tides 

of a cell by a baeteniJm or a vims) or from a sell- derived protein wsthin a c^ll^ stseh as a 
«^aneeroiiS celL Exaxriples of sources of self-derived p?x>teijis m eaneerous cells have beeo 
i^viewed (Shastri et aL Anix Rev. immiiool. 20:463-93 (1002), Oilboa, E., Immunity, 

20 1 1:263-270, (1999); Eosex^herg^ S. A. ^ Immunity^ 10:211-28?, (1999)) and irsclode: (i) molated 
ges5es; <Bj aberraj5tly ejcpressed genea such as an alternative opep reading fe^^ 
ihtron^e:^n boiindary; (Hi) genes t^ are selectively e3cprossM in X>nly the tun^ at^d (iv) 
normal 4sf&rmtsatipB ^jsie^^ that ate ^xpt^ed itv the ti*mor ami the ni>rma1 eelli^lar 
eoui^t^^att. The same proteins are proceissed by irjdividwals of ail J3:LA types; however the 

25 proteim ar^ deavssd dil%r«3it site^ to generme diObrmt MHC-asac>etated pei^tld^^^e^ 

Four diffe^^s^t methodologies have typically beesi osed for ideatifyiug the peptides that 
^ire recognixed hy C TLg^< These arc; (i) the gex^ctic wethod; {ii) motsf analysis; (Hi) SBrdlogical 
analysis of I^Et^^omfeit^ant eDIs^A ^xpres^^sion libram^ CSBREX):; ahd (iy> dit^ct e^tTaetlort an<l 
identifUcatioh of i^a?iv«> end<>getiou^ly pmeessed and presented MH<;-as.^<:>oiated peptide 
30 epitopes. The ^s5€Stic method is an ^ppfrbae wJlicb j^rbgressi^/^^^ smaller Btibs^ts of cOMA 



libx^mm fmm tumot beHs as^^T^^ectM that express th^ MBC iBolm^ule 

l>atm?t th^s tumor- specific epitope, llie mofecuiar clones encoding T c^ll ^spitop^s are iderit^fied 
by ttetr abiiitv t0 m<^onstJtute tumor specific T eel! recognition of tram^ctad cells. exact T 
cell epitope is then identiBed by a s^omblnatioH of molecular subcloniBg and the use of 
5 synthetic peptides based tlie predieie<l amino aeid seqiience. Bi^ch methods, ho we^ are 
jjuse^tibte to m^4veitesit Meiitific^?sli0n of cross-reactmg peptides^ and are not callable of 
kie^iifylng istiporti^nt post^tys^slpioiiai mocfifi cations. 

Motif ^$iai;y^ss involv^sjs ^ss^anning ^ protem peptides eoiitamiitg iotowfi cia^^ I MHO 
10 bm4it5g i^0tsfs> ^llawad by g^^isihesis aad a^^^y of th^ pj^ici^d p^icfest fer their ability to b0 
recogm^!;ed by tumar-^speoMc CTI., Tlii$ app^a^h reiquires pri knowledge of the prote^ tmm 
which the peptide?^ are derived, TMs approach also simtly hampered by the fact that not aO 
of the pred3Ci€:d peptide epitopes are pi^s^ented on the surfaee of a cell (Yewdell. J. W. aiid 
Be^mink, J. R., Ann,RevJmmrMml., 17;5I-8B, (1999))^ thus additiosial e?^^peri mentation is 
i 5 required to determine which ol tlie predicted epitopes is meful . 

Th& SERE5<: approach on umUU miihoiMm in die ^^mm of c^iioer patieMs to 

screeii epHA fxpressi^ion libfaries for a clone that expj^sses a pn^teia riecogs^ized by the 
afsiibody; Thm methodology pi^^urnes that an as>tsbody res|K>-tise will si^ecei&sanly have 
developed In the pi^senee of a T cell res|x>ose, a^d tl'iu^, tb^ Ideniilisec.! o1pi3 e i^^ a c^mdktate that 
20 may encode a protein thai cap 1>e i^ognissed by T cell 

Direct i mm unopreetpitation Involve*^ a eombioatioo of cellular immxjnolbgy and rn ass 
spectmmetrys. a^^d osej? native autoantigens to eaptcre aiitoasiti bodies in cancer patient sernm. 
I'bis approach involves the aetual ideniification of CTL epitopes by sesineecing the oatuTally 

25 oeemrsng peptides g^s^s^ with cla^s I MHfc moleeiiles extmcted dit^ctly fesm t^imor ceils, 
to thss approacbj eells i|u e fl^ist iysed hi a dMer^ent s^oMtion^ the peptides aa^oeiated with the 
ela^s I MMG mpl^-ul^s are p^rifiedy and tbe peptides Ikictkmat^d by hs^h perfom^fmee liqiiid 
ekmmati^gmpby (BFLC). IThe peptHies are thet^ used to reeojistitmit re^ by tamor- 

speciiSc CTL^s osi a no35-ti3iiH>r eetl e?£pr€^sing tbe appropriate MBC moleei^les. SeqtiesiEcing is 

30 readily performed by tandem mass spectre metr>^ (HeBderson. R. A- ahj 
FroemtLAead.SciU.S.A. 90^ Mogas?, IC. T. ^t at. Cancer Res., SB: 5144- 
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5150, 09^«); mm^ F. et ^t, Sc^^e, 255:1 a§l-12S3, {1992); Slmgiofj; €; Jr el aL, 

Immunization with cat^cer-dedved^ cl^iss I MIIO-encodM moi<5e^2!e-assDei£iLted p<jptyes:> 
S or with a pr^soiirsor polypeptide or pKsteiii that contains the peptide, or with a gene that eneodes 
Si polypeptide or pmtoiii coMMitmg: the peptide, are Ibrms of imBiimotherapy that can be 
eiT^jployed 10 thp tt^Mmmti of0^nc0t. Thmp forms of i^i^mK>thes^p;y^ r^uire that i^mut^ogens 
be tcletitifl^Ml so that the^ be fe^i^iflated mio gp|m>|>riate vaccEs^e^ variety of 

10 (19^9))> ti0t all i>f these ^r!i£2 appropriM^ fer fcn>a4-^s^^ Wmimot^^ the ei5cpi:^s&ion 0f 

some pep^iMesi^ Hmsted to tbe t^m<H' dmved from a specifie i^tienl Furthermore^ thcc numher 
of class rMIIC rnolecu! es i>x>m wMch tumor-denved peptides have been discovered is largely 
restricted to HLA- A2. Thiss, it would be i^sefdl to idenlii^ additlons^l peptides that complex 
with class I MHC molecules otter thao H LA-A2. Sxieh peptides wo^ild be partieylarly ijseml in 

15 the treatment of cjsxieer patie^^ts who do not express the A2 molecule. HLA-AI or fllvA- 

All andgen% Bt.A>-Al i&ii^^vpes^ HI^A-A2 supertypes mxd HLA-AH sttpertypes^ fbr 
es^^ample. It is also pasticiilarly as«fyl to ideniify m>U^mic peptides that are derived tk>m 
dit¥esx^iit odginM pmte^^^^ ^^tv^sn if the derived peptides associate with the §^me class I MBC 
htale<?iile> Because mi actiye inesult ip the oittgmwth pftusiior e^lls ifmt 

20 h^v^ tesl the expr&ssioii of a p^iciifar precursor proteit^ fbr a giveri aptigemo peptide, it ^^^^^^ 
advanta^ous to stimulate an immofjo respaiise agali^st peptides dedved fe>m $?50re tbaji otic 
protem, as the chances of tlie t omor eel! l osing the expression of more thau oue pmtein is the 
multiple of the ehapees of losing each of the individml proteins, 

25 It iii eHliei^l ttel the^ tmtt^us?aEalio?j p?^3cess^ result in e^^setive reoogt:sitiori of essneer eel is 

fey Cnrx^i The only meahs by ^hieh OTL ean distinguish etoe^rous eell^ is through reco^titioyj 
of teppr-assoeiated autigem^ also x^aljed tonpr rej^^ aptigens, pmsepted o^r the tUB^r cMI 
surt^ee as peptides associated with n3oleeuies> In the hody=, t^imo^ eells msy escist and 

ptdhJfemte hhd^leeted hy the Itt^ a phmomesiori Mowj^ as tdleirance, Bf&etive 

30 ivumunothempeuttc vaccme^ *hreak toleranee' snd aetiyate CTL by provldiog at ieasf ps:ie, and 
preferably im^re than mre tumoi>assoeiated autigem present on the tmm>r cell jsurfeee, most 
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p^^ferably dh the cmcc^ sts^m surf^e:^ t<> Aimtil^ii Fres^nti^g C«^l!s (APC)^ Bx^i^aples of 
AFC^ mc^lad^ (DC) and m£icroph£ige<s. AFG^ro>^ide e^Kposure o tBe 

aiBtig^i and a costtsriuiatory si|p:iai thai activates naive T ej^jIIs to become CTL that reco^ize 
and destroy tumor cells thai display tfc timior-'associared antigei^ in aBsociation with MHO 
5 molecules on tlieir siirfaces. Bei?aase CTL have m^^moiy, they can leeogms^e and kill tiimor 
eeOs over long ptsnods of ^^^^ thiis pmy anting rcjcurfeoLce and metastasis* HoweVeii^, it is 
asjsantta! that immtssspthempeuitlo vacciimttt>t> activ?itip^ CTL i$> the ttimor-asiS<>piat<$d 
?^5iti^e?fis prosenied o?s tlie stMkces of the tiimor oells, ismst i^aiic^ eetl% m the 

copteM qdf MMC moleeules. An nxpimMion of tol^^rm^c^ meotenisitis for bt^aking 
1 6 toiei^^e are feu^d m Janeway et aL 

F:r^brvof^iC And sci^><nic -item cells ?ind 5;tom eoti pn'jgenitor^ are capable ui' expressing 
MHC ClasN f ami CIu^n I! Tuokcuh^.^ iOmkkcr M. et uL. Pix>c Kat Acad Sch '^^*>.^n'?64-^>?^C^0 
i20iK^); Harris F. . Blood 87:5104-^112 (l^^^^^u. Snnl et aL. Proc Nat. Acad ^U i, 

IS 9>, lOJ5."!-^H)lS? <iV*.><S>; Al Nimt^^r, l\ NcuruT^>>ort (2004». Snnt et ah ob^ervci T 

cells specificaHy directed against CD34f^ Chronic K'lyeloid Leiikemsa (CML) pix>gex^itors and a 
subsequent antileukemic efteet, OdelKsrg et cd, (J. MeurcnmmimoLI6l :i-L (2005)) repotted 

<^xpand^ vitm. in ^ertam stem ceMs^ expi^^lon of MHC a?itigms can fee $timMlMed> for 
W ^xatn|>te with ititeirfemn-g^mm% a cytoktee thM U|^^^egti!;sfctes MMC e3<^j^ss;i<>n ^Hori: j et al. 
Stem Cells 21 :405-416 {2003)). 

MMC o?^pre?>sien ia stem eeliK ha^ been stu<lied m tlic cotstc^xt of re^ef>erative medicine, 
transpl aatatlo a > graft immunogeaiolty and t^ell-bsii^ed therapy. These studies do j^ot consider or 

25 sti^gest a role for lylHC Class Ter Class II antigm expressi<^ in th^^ i?onte?§;t of chi^t^cteri^atioa 
of caneer stem ceil% or the MeMii^c^ion o f potesjtl^ imrrmnotheimpy agatest cmc€£r 

ss^tem cells^ of for Jrnmitnoilietapeyt^^ treatment fe^ the tr€satment or prewmian of cancer 
reeurrenee or ipetasta^is* Tl>e p^eni invesitipn deserifees ptMhods and ^omposStioti^ fer cai^ 
immunothetapQ^ to s^eritify iit^mpn^ is^ peptides^ oligopeptides 

30 and tlieir par^t or source pfx>tesm or pplyp^tldes t^at stisnolate CTL ^eognitibn ior the 
se1ecti^^^ destruction of cancieEr pells^ m<^t preferafoly de§inieti<>n of eaacer s^tem eells. The 
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preset iiivention also eont^isiplMe^ iileiitilymg imMiioogens on ^^rmin^lly diffcrentiat'eil 
cancer c^slls that ans«? from ca?icer st«^:m cellSs siich imnitmo^ens can be used to kjO 
diilfem^tiated ceils a^d to shri^ik fh^ mmor. 

Imprujif>th«srai>y Ibr tlie piirposes of this ^^"^^J^^i^ iBClud^s immurjothe^ 
and aiitilsady therap^ties. The iovc^ticm also contemplates the Mse of certain antigens as 
caiicei^ diagnostics aiid ^rug ta;r0ets< 



peptides, or witli a pnjcursor |K>lypeptMe or F^^^^teEn tl^at ccntains the peptide, or with a 
10 thfit s??i£?o<ies: iii polypc|Dtide or psxjt^in containing tlie peptide, are tbmis of Imo^oiiotl^erapy that 
can be erv^ployed in the trs^atmcut of caacer. The?^e ibrmjs of immimatherap:^ r^qiBS^e that 
be id^nii&d S0 that th^y caij appix>|^ately ^rmul^^ for adiBinistratioe to a 



It is also partietilarly usefbl to identify antigenic peptides t}mt are derived from a. variety 
IS of diflerent paren t protei ni^^ with diffi?ret>t ajnot ions, most prefeably proteins invol ved iii tomc^r 
sjnrvival, tun-ior growth and tiJmor metastasis. Beeanse an acti\^e immune response cati nssult in 
the outgrowth of tumor cells that have lost the ex precision of a partienlar preeur^sor p^^tein for a 
aTttig^nic peptide^ it is advantageous to stiirmlate an. ih^trsane respanse against ii^nliiple 
di fTer^q t anii^€sn.?s from pi^^re than oiie par'ent protein^ as tlie chances of the tm^pr ^^el | losing the 
20 mprpssion of more ihmr otw protein is tiK? nmltipfe of the ehanceis of ImiT^g each of the 
ind^vidijal protons. 'Even if an attligenic peptide is ktentified only in association wiih a single 
type of Ht<A t?3dl^;culie, the mfbmiation is valnahle tor imm^poth^jrapy and litsmpnization 
hecaiise as lor^i^ as the g^ornxjo protein is knowB to tmderg^ antigeii processings that source 
protein or polypephdc or Iragmeats of the protein can he adtmnlste^^d to patients having 
25 multiple BLA types^ whemn each patient's Ajitigen Ihesenting Gehs will properly p^^cess the 
pmtein in association with the patient^a own HLA type to ehcit a CTL response. 
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TIte present Snventioti relates to a proc^^j^ fhr id^mifying. tomMT^Ogem ihut ^Icit mi 
immmm msponse B^nnM cmxc^ cells^ more specifically against cancer §t^m cs^ll^. These 
i^imuoogssns fee iis^ to treat |5ad0nm wiio ^li^ady lia^ve the disease,^ 0r propfe^^la^tically to 
pre vei^t disease, 

5 The pj^ent i0ve*it3on mlates m lmmim<>gens e<>mpfrismg poljr^ptMes with ^isks ^id 

imtmine resp0ns!&^^^ c^eem* most pref emb!^ caaeers coiisistiitg of cancer stem cells. The 

pfeseiit inv^sHtlon also miats^ to nuoMe acid molecijlc*^ tliat ericodc l^jpr the polypeptides and/or 
10 she Ml teigth proteins ferB Wl^ich the polypeplideg are clenved, of such imiTiimogcm. aad 
wMeh cas^ also be used to fa^ilii^ie an immiine^ cancer aiid cari^e^r stem cells* 

The pre^mt iHyentiba als^ relate^ to is«>lated oligopeptides or peptid^^s €^om at 
lea.^t 0ne epsi^jnc peptide compmmg tkm anrmo acid s^ueBce of SEQ ID HO; 1-i 13, said 
IS oligopeptide or peplide epmisting of S Ur about 56 a5t>mo aetd resi&e^j whereio sakl 
oK^pe|>tMe t>r peptide Mi^ds to clas^ J MHCt isiol^e^l^ or cart l^^e pmeesse4 tx>^ M tes ela^s l 
MHC sirtoieeules. 

The present inves'^tiofi also rela^ iselated polypeptide of SBQ ID NO: 1 14 to 223 

20 wbereirrsaid polypeptide feiods to class I MHC moleeales or c^n be proee&^ed to bmd to class I 
MHC riiolecules. 

i-he present inwntipn provides eom|H>siyom coni prising the ijrmisuuogm deseribed 
Iterem, and polyj^ucle^tMes that direct tbe sj^ss thesis of such i^ilypeptidess^ the 
25 ohgopeplid^s afid p<>lypeptj<le^ of s:ijeh siJOTpi^Bs^gs^^ atxs c^p^fele of mdimng a CTI> respop^e 
^gamsi: cells mpresj^mg a protefe eompmmg an ^?itopi^^^ of M iea# one of §EQ ID 

NO: f-fl3 arid 114-223 The cells are usoatly emeer celfe, preferably eyariaB or breast 
careinomajs ajid m<>st preferahly oysriBsi or t?re^^ carcinoma cancer stem ceils ^p^s^i?^g ^tiah 
proteins. 

30 



'Flte present invesitloT^ fegtber jnel^es to |K>lyimcleotM^s^^c^ i5>f 
a polype|>tide of tjit^ SBQ iO HO: 1 14^22^ disclosed li^reia, Thr^ mv^jti<m reflates to methods 
identi fyiiig cancer Mem cell Immu iiogeiis t hat elicit a CIX response compri^^itig obtai niiig 
tumonge5i?e cjaiicer stem c^Os^ i<ientrt\^ing MHC-associated |>epiides that are preseat on said 
^ iumodgeoic caneer stem ceiis^ fomiulating a pliaoBaceutical preparatio^i; of one or more of 
immuriogens ^somptisms po3>fp0plide^ with s^qmtic^^ s^e<JtM ^roup SBQ 

ID NO: 1-1 13 that bm*3 to ci^ss I MHO m^yi^eal^ or can be to Innd to clas3 1 MHC 

molecples^ and adTuinistenrsg s?i&1 pharrnaceutlcid pr^paratioj? U$ a c^^jiceir patleM to eltcit a 
mmor-r^ectiao ^esp0nse. 

1 0 The invention further relates to metliods for identifying caj^cer stem eel I antigem that 

elicit a CXL j-esporise cornp^^sing obtaining caitcer stem cells^ ideiitifying MHC-assocteed 
peptkliss tl^at are presentin ^aid t^m<>rig^m caneer stmt eel1% identity ing the sotirce protein or 
expression pix>du!et iix>m^ ^akf peplkie^ were deri vei! sek^i^ted^^f^^ 

of SEQ IX> NO: 114-223, fbrm^latititg a pharmaoei^tiestl of oo^ or morjg of s^id 

IS spiiroe im^teiTis or e?Ssp^e#sipa prodi^ctSj. and ^driunistering pliarm^cetiiicja! pi^pai^tion t^ a 
oance^ patient to elicit a tiumoivr^eetion i^spome. 

The Invention ftiTtb^r reisne^s to pjiarmaeeiitieai preparations wherein said pi-eparations 
eompri^se polynncleotjdes^ co<Kns for prot^^ms^ peptides or po|>?peptide§ with Sig^ii«?nces selected 
li^m tlm ^fotjp SBQ 1-113 that Ismd to clas^ TMBC molec^iles or^e^ to 

20 bind to class 1 MHC moiee^l^^s that are capafel^ of aeliva ting a tu^nor re|ectioH CIX rc^^poiise in 
vitro or sn vivo in a ^^aneer pat j€mt> 

The In vention liirtlier relates to conipositions ijm the treatinent of eas>Cfer comprising 
CTI.-^i'eactiveafttiE gens Isolated it^om caneer ^tem ^eils consisting of at least one tunior^ireject^^^ 
aMtg«m tli^t bind to el^ss I MHC moleciiles or be pp>cess^ la hind to class 1 MHC 
25 mol ecuie^ that stimulates a CTL i^sp«>ii ise agaiiist tismor cell s. 

The invention f\irther relates to metliods and compositions for dlag^iosis of caneer 
comprismg inmmno^ens selected tJonsistiBg of SBQ ID HO: 1 14 to 223 . 
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The inv^tition ftirthar relates to metllijocfe aiisi ci^mjK3^£i<ms; fi>r d^ev^dpmg aMibod3f^^ 
thera|>aBties tor treatmem of cmicer <5l>aracteri^d fefy the presence of eaec^sr Mmn cells 
comprising idenlifviog CTL-reactlve asitigcns for at one MHC-si^sSfOciaied mmor-reriectloB 
antigen that binds to olass I MHC inoieciic^le^^ or c^ap l>e jproc^^ased to bind to elasiEs I MMC 
5 molcciiles present in said caneer i>t€m celL 

Th^ ptiimjit mYiinii<m also pipvides medrods that comprise ct^^^^ 
c§^|>eeia!j[y ^ CTL^ with m immui^JO^^ of tim itw^ntmn xmder coitditl<ms that te<teoe a CTl. 
res|mii§e ^aiiit^^ ^ and more speci^o^O a canaet cell and most specifically 

against a eaHcer stem eelL The methods may involve oontaeting the CTL. with the 
10 immunogenic |>e|>tide in vi vo, in wibich ease th^ peptides^ polyps^ptides^ and poiynneleotides of 
tte invention are ois^d as vaceiries, a^id wlii be dellvemd as a pli^^rmaceotical compositiort 
comprising a pbarmacciJtieisaiy aee^^ earri^ and the iit>m£?rfeOgeii, t^pieaOj^ along witli ar? 
adftwatit or one or mere cytokines, 

15 ^ItemMi'^ely^ the imjrni^>d:^ris oC the pi^^M in^nlioo ^^c be i^s^sd to js><i^<^*5 CTl. 

re^poB5se vitri>< ll^e genet^its^d C TL thm fee Sntrodi30Bd into a patient with mae^^r^ SEakl 
cssne^r charactenssed by tbe presence of eajieer steit^ cells, more speci Eerily cancen eoloi^ 
carcinoma^ ovatian carcmoma. b?^st carcin^m;^^ lan^ carcinoma^ or pn>state carcinoma. 
Alternatively, the ability to generate CTL. in vitro could ^^crve as a diagiioatic Ibr canoer 

20 gcnemlly^ including ovarian cajx^inoma, breast carcinon^a^ colorectal eareinoma. Mn|^ 
carcinoma^ or p?t>state carcliiQmLa> 

The present iTivention also relates? to b proeess identiMng iMmunc^geas that caa fee 
used to develop antibody diei^penties f^r tim^t prefeaMy th^r^peutie^ diriJctecl to 

destroying cancer stem eells. 

25 The i^resent mvantion also relates to a process for idmtifying: immiino^ns tJiai cai^ fee 

use<i as diagnostios and progiio^tics for caiic?er, preferably Ibr the detection mid mmntornig of 
etoc^r stem celis^ including au^mitifeody-^fe^^d diag^tosties fer detection of aMtoas^tJ^eps t!iai 
cMn^ctedi^^e the eanc^r oelisE as eancer stent cells. 
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asM h^n^in ai^d sjxeeptas i^otf^d oths^rwise, all t^mis are del^ined as pven below. 
Th^ term -peptide- is tised It^resit to d^mg,imt<^ 5^ ^^riess of amiTK> umd re^sMue^s^ 
ci>iM€Jami o^ie to the other ty|>teMly b>* p^^tl^ betwe€?n the aipha-smiBO ^md <2<;ii1>05i;yl 

be as shoit as # amino fJickfe m length, ami as kmg as 1 4 ammo aoids^ to iength- 

ll5e temi ''oliB^psfJii^e" is issed h^toite to dc^igirsate a series of ^tiixitit^o i^sidiies, 
eoim€iet€5d Oiie to tlie otl:^er t^^i?ally by peptMe bood^ between the alpBa-amIno and carbonyl 
gTOiJp5i of the a4|£ic:€^^t amivio acids. The length of the oligopaptide oot cHtical to the 
m invention as loo^ as the corrgset epitope or epitopes are maintained tlierein. Tbe oligopeptides 
typiealiy less tliasa aisout 50 amino aeid T^s^icluegj Hi lenaffi^ and greater tliaa aBopt 14 am 
iii length. 

The temi "|xi^iy peptide" cl^stjp^ates a smes^ of amino ac^kl tesidii^s^. eotiheeted otte to tile 
other ^ypic^iliy by |>epti<le bds^ds betw^^t tiie ^lpM:-an:slxie> ami carbdnyl grou 
! 5 amijio aeids. The leijg^h of flie poiypepstide is mt critical to the mventiM^ ais losig as ibe coirteet 
epitopes at^ maintained, lii ixmtrast id the t^T?s peptide oli^peptisle^ tte teitn polypeptide 
iTseam to refer to pi^tein molecule?; of longsjr iban aboot SO ^^sidues in length. 

A peptide, oHgopeplidgj, protein, or polyn^ieleotMe codi?ig fbr such a molecule is 
'■imoiunogenic^' (and tims an ^immunogeti" within the present invention) if it is capable of 
20 indoeing an immune re^^ponse. I^i ihe case of the present inventio^^, imot^aogemeity is defined 
in one way as the ability to induce a CTL- mediated response. Thus, an ""iTOW^gm'* would be 
a moleoole that i*§ capable of iiidnemg an imiitune response, and in tl*e ea^e the ps^sent 



ipveniion, a moleeiile capal^e ofin^aeitia ^ i^^nsi^. An immunags^ is a motole that 
binds to el^i5^ I MHC mole™ ean be pmcea^sed to bind to elass I MHO moleeules. 



A "^T eeM epitope" or "%pitopi c peptide^" is a peptide or ohgopeptide oiolecrile that bIMs 
to a class I or 11 MffC moleeiile aod that is sobseqneBily i ecognized by a T cell T cell epitopes 
that: bind to class 1 MHe moleeule^ are typically amino acids^ in length, and most typically 
9 amino aeids in length. T eel I epitopes that bind to class 0 MHe moleceics are typieally 12->20 
50 amino acsids in lgaigth> In the case of epitopes that bind to class 11 MMC moleeule^, the same T 



25 
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cell epitope may share a cofmnon core^^^Vidnt^, feut differ in th^ len^l? of the carhoxy- and 
ammO''teTTnm£il fla?iM?ig seque^noos due to the Met timt ends of the eptope iiiolec^^^^ am boI 
buried m the sit^jctiire of the elass 11 MBC molecule pi^pnd^^-bsBding cleft as fey are m the 
cistss I MHC molecule peplid 
5 There are tliree dilfet^nt gqnetic ioci thai epeode for elass I MHC molecules: i-JLA^-A^ 

HLA-B, and HLA-C. BLA-^Al^ HLA'^A2s. l^iLA^AM are examples of dififemm; i^tess I 
MHC mol<?culos that can h^^ ^.xprm^^i fern ijNe;se !ocs< The p*t?^^nC iTiveTJtioii also inv 
peptides thai are assoeialeci with liLA-Al supertyjpeSs. BLA-A2 ?s;upertypes, and Bi.A><A11 
sup6ri^pe^5. A siipert;>'pe a group of HLA mdleeules that pj^ses^t at leaM oiiie shared epiStope, 
10 MMC" molecule p^sides^ tjiat h^v# been fouitd m bind to on^ member of liie MBC* Mlele 
siipejt>^^ family (A I ibr e?£ampie) are thought to be likely to bind to other members of the 
saidie sisp^jij^^ family (A32 Ibr exsmple; se^ Table I > belo^v. 



Table 1 . HLA Supertypes 



Supertygg 


Motif 1 








A^Omi. A^OIOa. A^aSOl, A*260i. A'^imA. A*320iJ 

A=^360k A^43Dl, A^SOO! | 






A^i)2Ql. A=*0202. A*<)203. A=*O204, A^OaOS. A*0206j 
A^0207, A*58«2. A*09O| | 


A3 




A=^CB0L A^l IC^r. A*310i, A^330L A*6g0| | 






A*23C^I . A*S402. A^2403, A*2404, A*3001 , A*3002, A *30O3 | 






B*0702, B*O703. B*0704, B*6705. B*150S. S^350l. B*3SG2j 
B*3S03, B*SI, 0^5301. B*5401. B^SSOI, B^5S02. B'^S60l4 
B*5#02, B^6701, B^7801 | 


B27 




1 401. B'^1402, 1503, B* 1 509. B*J 510, B*f 51 S, B*2701 4 
B^2:m2, B*2m B^2704, B^270$. 0^2706. B^2707, S^:270g,| 
B^3S01. B*3802. B^39Q1vB*3902. B^390X B*S904. S*4B0I.| 

e^4S02, B^7301 1 


B44 




B^^IB, B^3?{}L B^4{K>I, B^4006, B*'4i01, B=*^4402> 8*4403,] 


Bse 


X [ASP} xxxixxK 


B- 1 516. B^l 51 7, 8^5701, B=^5702, B'^SS j 


B62 


xtQl^vd.VMP) ]■ 


B^iaOU B^OOa. B^lSOl, B*IS02. B*1S06, B^15I2, B^15I3J 
8=^ 151 4, B* 1 5 19v 152 1 ^ B^460l , B*52 | 



is 



As u^ed herein, i^i^rence to a DNA seqvj^nc^ inclu<^es1>oth single stm double 
gtms^ded DNA. Thiis, the specific sequence, uxvless the content iiidicMes otberwise, relers to tlie 
siiigle stmnd 01^ A of ^^ch sequeiice. tlie duplex of sueh sequTOce with itSr eomplemeiit (double 
straB<ted i>HA) and the eomplemejit of sii:ch seqoenee> 

5 

Tbe imm "coding r^e^gion-- refers to that podioB of a ^rie wMcb either mtumlly or 
BOmi^1l>^ cod^s^ for tfe ^^re^slmi |>tx><:lu^ getie In its rs^urstl ges^omio en^iix^nmeiitj ^ 

tl^o i:s^gio:h o6dini^ to viv<> fer the mtlVe exp^s^sS^n p*<>duoi bf ih© geiie^ Tfe coding t^gioi;? eab 
\m fern a noni5al>, mutated or aherie^dl genc?^ or can even be from a DHA se^fwnee^ or genes, 
10 wliolly %'ntbe^w.^^ the laboratory imng methods well known to those of skill in the art of 

The teoTi "nuele^tide s^quersoe'' refes to a lieteropol ymer of ^eo^tyn boBueleotides. The 
nuisleotide §ec|Mmce encodiitg for a partieular peptide^ oligopeptide, or polvpeptisle may be 
15 paturall>? occurrij^g or oiay be syMhetic^il^ coasti^cte?!. Generally, B!^ A segmont^ encodi?^^ 
the ^>eptsde$^ |XJlyp!e|>lid ai>d pmtems of this irsvmtioo are assomfeled from cON A fe^gii^ents 
p?td shoxt oligpmieleo^^^^ hnkerSj or froni a scenes of oligot^s^oleo^u^^ X^r^^dde a syBthetie 
got^e which is capaWe of being oppressed in rpccrtnbii^a^it tmisoription^l un^t c<>m|>r>3sng 
regulatory elearteMs derived fe>m a microbial o?^ v^iral opemn. 

20 

The term "wi^rce proleiB'' nieans ihat polypeptide that is the nature! translalioii prD<luct 
of its^ geoe and ar^y nucleic acid sequenee coding ec|uivalems resuliing irom geoetic code 
degeneracy aM thus cod mg lor the same atYsirio acid (s). A 'parent peptide'' or 'parent protemr" 
as used h^s^eiii des^^iates h seHes of amino acid re^idpos timt compn^e w natpr^iily occur 
25 wi thiB the souree protend , 

Fhe teMr '^eK^essioti product*- sirtesm that polyi^eptide or aoa^ protein that is the 
natural translatioB product of the g^e and any nucleic apid s^e^^seti^ee epdit^g e^iutyalmts 
tesriltlBg from genetic csoda degeiieracy and ttos cpdistg tor the s^iste amino acidCs)* 

■30 



1^ 



ITHe tetm "frasf^^^>^s" when reCernng to a codiiig; s^u^s^^e, me^^m a poitidH <>f DHA 
comprisiii^ less thssn tlie oompl^jtc coaling region wtese e?«;pcessipn pmdiict r«?tams es^s^ntiall^^^ 
the sarne IsMogicaf iimcticm or activity as? the e;?tpr^ssso^ prnduet of the complete codiii^ 
region. 

as a cojnpotse^t of a larger O^IA eon;strqtct^ wMch I>e0ji deri^^ irom DMA isesfiat^d # 
least <mc?e iri mjtestanti^lly pure foi^-, Le^^^ fe of eontmmnatiji^ end«?g^n^ aad a 

qumtiiy ot ^simMmtmn mablmg i<dentifiestio% mamp^latlopsc mcove>ty of the seg^er^t 

10 ai^d il^ oamponent lE^^clcotid^ >s«HC^iimj fey ^^at^dard fetoeliemlcal methods for example^ by 
using a ciomtig vector. Sucli se^rneriis aye provided iii tlie fbon of a Ofse^ T^;adfeg frame 
umiitamipled by int^^al iipittrai^slats^ sequeiioes^ or introns> wmefi at^ tjyi>icaijy pr^^^ 
eukary otic genes, Seqi^ienees of f^on-translated DNA may be pre^sent downstream fk>m tte opei^ 
reading frame^ where tJ^ie sajEt^e do not m m^rslp^ilation or expres^$>ion ol tlrie codu^g 

15 regions. 

"n^e terrn "primer- means a ^hoft nucieic acid seqtietice that is pair^ wsth one strmid pf 
0NA asid prwide^ a free 3*OH epd at wMch a DNA polymerase stasts s^thesis of a 
deo,N:yribona<sfe<>tide ehain. 

26 

The tenTi "promotw" m^aris a regioji of DMA Im^olved iji biaidiiig of RMA polyst^erase 
Co initiate tr^Hseripiion, 

The tersr^ *'open reailiog irame {OREy ineaiis a series of triplets codins for atnir^o acidjs 
2 S witlKmt <my iem^iiiatioi^ oodons tei^ is a ^^qumce (potentially) traiislataM e into^ proteiii, 

^Ij© term **isDlated** meaiis that mai^sdal ist rem hs origin^^ eswitonmetsi 

(e.g>, the «amim! e^virojitr^ent occdo^iig). For example^ a BataraHy-ooci^rting 

poiynpeleotide or polypeptide present in a living: aiiimal is ndt Isolated* but the same 
30 polyiVucleotye or polypeptide, separated from some or all of the orsei^i^ting materials the 
fsattsral 5?y$tem^ is isolated- Siicfe poi^^puelejotides could be part pf a vector aiid/br jjiseb 
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p0i>mic1wUiie^ <>r |>0 be p:^rt of s ^x^mpg-sition* aed still fee isohited in thM mch 

vector or c^omp<>sit;sOB is itot part of its natwal eiwim^mieiit. 

The polynucleotides, and Teeomlsioant or Immimo^enic polypa|>tiides^ diselosexi in 
5 accoj^ane^ with th^ present invention may also be m ''purified'' ibroi. lli^ term "purified** does 
not tHSi|Mir£j ^ite^lute purl^^ rtither. ii is mtended as a relative deflBitioB, ai:i<l can include 
pre|>^mt50i5S that ar€? feig^hly purified or preparations that ^r^ *>nly paTtially piirifed, a# thme 
tenm ara ^mlerstoo^^ fey th<^e of ^kii! iri die relevant art. For e??^ample, iadivi<hia3 <slo?iss 
isoJafced irom 0 eONA Hbi^ry haw b^eri coBWiitionally piidBed to el^ctrpphoretfc 
JO homogeneity, Furiil^^tkm of siartiBg smtsrial or T>sitiji:a| jt^ateriai to at teasi oae order of 
rsiagtiitiscJe, preferably two or three orders^ asttd more prM!ferably tour or five ottlers of ma^^itt^^^^ 

expT^ssly contemplated, Furtherjnore, the claimed polypeptide wliic^h has a piJrity of 
prefemMy 0 001%, or at lea^t 0.01% or 0.1%; apd e^veo desirsjWy 1% by >y eig|^t or greater is 
e?£ pf essiy eos itemi^! ated, 

IS 

The rmclele acids and jmtypeptide e?cp?^sion prp<feicts disclosed acoor^ipg to th^ 
presetit mveritions weli as expres^ios^ vectors eontmmng s^ch rmcletc acids aad^br sxiijli 
pdlype|:^ideSs xsmy fee? ip **^niictied lbmi[>" As i^sed l^ereii^, tli*e t^rm "eodehed^* m^^ns th^t the 
eoricaTitratic^j c>f the 3i«at^^i i^ at ieaist about 2> 5^ lO, or 1000 time^ its aatuTBl 

20 00BC^ir^3on (fbr exarripjie), adysnlageomly 0.01%^ fey weiBht* preferabl^^ at lesst afeoiit OJ % 
by weight, ErMcli^^ of about 0.5%, !%, 5%, 10%, and 20% fey wes^n are also 

caittetTjplated. llie sequences, constmcts, vectors, clones, and other materi^il^j epnnipdsip^ tfee 
present inventioo can advaotageoiisly fee in enoehed or isolated ferm. 

25 The t^rrp **aipii^e frngmerit" ]ci>e^i5$ a S^gmerit that generates aii iiiimMne t^espomie Ci^-* 

feas immlmogemc: aetivj admiiiist«?re<i^ alone or optionally with a ^tsltafele ^djovaoty to 

mi Mnmm% mxch m a nia^mal-, fbr example; a htima% a^ rafefeit or a mouse^ ^ocfe immune 
r^ppn^ taking the iosm of stimMlatSrjg^^^^ ihespome w?tfem the reeipe^^ ^nimaL s^iscfe as a 
liUman, Alternatively, the "active fragm=e!nt** may also be $0 itids^ee a CTL res^poo^e m 

3C> vitro. 

IS 



As used liei^m> tbe terms "porttc^n," ^^segmeM^;-* and "fragment,** wh^ i^se4 iil relation 
to polypeptide's J. r^lfer to e c^ositinueus s^^q^is^nce pt re^sidiies^ suck ^s smino ac^id residues^ which 
s^qijeoce ferms a subset of a largjet seque?jce. For example, if a pol^f^peptido worn st3b|ectecl to 
Ireatmertt witli any of the cosT^mon endopeptidases, such as tr>^pslo or cbyiimtryi^sin^ the 
5 oligopeptides t^sulfeg from s^och treatment woold represetit pc>rtionSs scsgoienls or l^mgrnc^ of 
tfo^ stattiBg polypeptlile. This means that aiiy suefe jfimgment jieoe^sarily coritain as patt of 
its a^^lao ^cid ^eque^ee a septmot, ita^yji^itt or portion^ that i$ subistajiriiitlly istetntfoai^^ If not 
mtmtiy y^nfeai^ to a seqisence of SBQ ID NO: I to I IB, which eorire§:|M>rKl to the oatijrally 
oecomng* onglnai c?r **pareiif * |3^^lci3^s of tlie $B<2 IE> HO: 114-223. Wlien lisecl m relaiite to 
IP polynucieoti<i^s, suc^ terms re|er the prpciiicts prodtioed hy tre^^ 
with any of &e s^ommoii et^dojwcl^a^^s* 

In aceordanee with the p?^sent inventioo, the ienii '*perceM Iderjtity" or **|5ercemt 
icleiitical.'' wheo refernng to a sequerice. means that a seciueTice is eompared to a elaimed or 
15 deis^Jtili^ed se<|pers«?e after aligiimeot of the seqaeiice to be compared (the "Coo^pare4 
Sequeiiice-*) with tiK? d^scrifeed qr <:lairn€^ ise^onoe (the *-Reffep?nce Sfeqi^^ The W^TOQmt 

Idetitlty is then determined aoeotdmg to the fdllomng fom^ula: 

wh^prem C is the m^inber of 4sl1fererices b^weeia the B^lerenee Se^ the Comi^areel 

20 S^umce x^ver the lei^^th of aiignnit^nt fet^twpen the Refereii€?e Sec^i thence and the CoK^^pared 
Sequenee wherein p) eacM base or ammo acid iit the Reference Sequerxe^ thM do^s not have a 
eoTres|?oti<ib"i^ all good hase or ammo acid m the OompaTed Se<:|uence aod (ii) each j>ap in the 
Reference Seqi^enee and (iii) each aligned base or amliio acid isi the Reference Se^^umce that is 
different fe>m aji alispied hase or amino acid in the Compared Seqneoce^ eooMiiates a 
25 diilfetene^; and R i?^ the number of bases or ^miho aoid^^ m ti*e Relerenee Seqootxee 0ver the 
length of the af sgt^ment wit^^ the Compared Seq^enee with miy ^ap created in the Reference 
Se<iue3ioe also being eotmted a^? a ba^e or attiiho aeid. 

The term '^^litoaritihody'^ is used herein to de^igpate an antibody tliat reacts with the 
30 eeibs tissiieSj, or iiati ve proteins of the bo§t whicli it is prod uced. 
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The ^rm ^•mitoa^tlgen'* is li^mii? to <les:lg^at0 ah immwiQg'eii that stlmiiiat=es thsj 
pr<>ciu€tkm of mitoaotitedies m the liost m which it b pn>duc;^il* 

If an alignment exists betweesi the Compared S^q^^ and tl^e Reference Sequ^^nce fer 
which the |>ercent ideiitlt^^ as calculated above is about equal to or greater ihais a specified 
mmimum FeirceBt Identity then the Compatxxl S<2q\jeiiee ha^ the j^peciiied mmlmom pereent 
identity to the R^fe^t^ee Scqne^ee sveii ihou#i Mj^menlB may ^ist m wMeh th^ lierem 
ai>ov0 oalciilated Fercml Identky k les^^ to^^^ the specMeil Percent idersti ty, 

Petailed Oej^ m pii Igiv^iit ion 

Tbe present iiiventicm relates geiier^lly to immtind^m aiKl imm^nQgeni^ composltioos^ 
aod metltods of us^ there^re, ifer the p^^ventlor^^ tre^^^netU, snd of cai^cesv lii^ore 

spsdlti^ai!^ eances^ hs^boiing ^^an<^r^^^^^ celi% including ovatim^ l>^^a$i, <x>l0re€st^l, Imfe 
prostate as^d liver qaremomas. 0bc!<>sed aeeordmg to Ihe mvention are mn^ianog^sis 
c0mp}dsiBB P^^*^*^^ or p6lyi>eis|ides with sequeBees^ete^ NO: I ta 

l is whose amino acid sequences comprise one or more epi topic oligopeptides that 
l?ind to MHC molecules or can be processed to bind to MHC molecules. M addition, tli«? 
invention fnrther rebates to OMA or EH A polvnucieetides coding for peptides or oligopeptides 
selected iroBi the group SEQ ID NO: I -113, and timt bind to MHC oiolociiles or c^^^ fee 
prooessM to bmd to MHO -mol^cule^ to stimtiElaie ^ CTL res|H>0se against cam^e more 
S|>edfica1|y cancers ooMainirig eanoe^ steji^ eeils^ especial!;^ ovarisiii asid fe^^st ea?^oei3> 

In accordsince with the present invents on^ there are disolosed specific oli^opeptMe 
sei<^\ienees with amino acid sequences represcnti?ig epitopic peptides and immtmogesiie 
oligopeptide se<|uenees of at least abom E amiT^o aeids in length, pt eferably about 9 atniiso acids 
m let^gth. tip to afeoijl 1 4 anttno aeicis in lenph afid ma^ be prestestt pasi of a 
sisek as an oligopeptide^ polypeptide or ^oiurc^ 

The polypeptides fbrroing the imxmmogens of tlie present mveotioo may comist of 
amino acid seqi?ences €omprising at least one a^d possibly two, three, lour, or more seqnences 
of aboot S io 11 residiies iii length. Said polypeptides can bave any manner of amino aeld 



sub#itoti0n# ^rid of arity d^s^sirodi I<jii^Ijjj0 lon^ they have immist^ogemc aetJvi^ tlitat 

they are able, under a set of a^>t^dilions knowi^ to those in tli«? art, to elicit in vEtro or m mvo 
actjvatiosi of Cytotoxic T lymptecyte?^ (CTL), (i.e., a CTL response) agsiiyist a presentation of a 
cancer specific protem, especially a cancer stein eoO^as so ciatod protein ,^^ o^ when suek 

5 protems are pr^ss^ented In a^s^oci a tion wjth MHC niolecoles, such as where said proteins are 
presented in vitm or in vivo By ati antigen presetitmg^^^^ (APC). The amino acid stretches 
iBay diiler m amtoo a«^id s^um^e by M ieai^ o^ie aimino aeid re^dtie. for exanhEpi<j; a 
eonser^^atl ve amino acid t^idtse? or amis^o aei<ls of t he ^ame g^nenil chemiois i chameter, mch m 
whpm ihey are hydrophobic amJnb aeid^. The protetns and polypeptide's forming the 
10 imm^iiogoits of the j^rese^nt isiyeBtion can fe^? liatorally o^cumng or may fee 3y?ltfeesized 
chemieally. 

1 he present inventioo is also ^jrect^d to^n isolated polypeptide^ espectaUy one hayfeg 
litmmnogmic^ ac:tiyityi the ^equersce of whioh ciorripr^ses witMn it one or itiare stt^telies 
£>x>m|»ri$ui[g my two or snore of the seqii#5><^'^^ ^f ^tx MHC'-asa^ooiated peptide €>r oligopeptide 
I S and iti any relative i|amliti^ ancl wlierem saM §eqtsences may differ by one or more amino 
acids so lor^ as the peptide: Mimuiates; a ainy given ^Ireteh of S to about I I 

amixK> acid resi<lij€js, !h oth^^ ^rnhodirnents,^ «ioml>inations axsd permotatmBs of epi topic 
sequencer? may be part of an immimogei^ of the present invention or of ssich a polypeptide so 
loini^ as any such polypeptide stimyl*ites a C^TL response. 

20 Fe^stides, oiigopepiides or poly as di scloseti herein may be prepared by metbods 

^eO kjqom^'n to those akilled iii the ait. (Orantv Q Sybthetle Peptides Gnide, 1992^ 

W. tJ. I^reeman and Compaayj Mew "^drk^ CoMgan^ J. et a!^ Cnrrent Ffotoeois in Frotein 
Seiesiee, 1^99^ Jolm Wtl^ & 5 Soim, Ine,^ New Yoii^;!. 

Besid=^^ the peptide sequences identi^ed as associated with MMG moieeules, tfee 
25 proteins mid polypeptide^ R>m>lng the imrmmogens: of tbe preseht itivfetion may also <^o3T>prise 
one or more olber immin>o^e^ie amteo aeid stretched teowri to fee associated with eancer, and 
tndt^^^eeifieaOy with €:arein0tnaSs, incitiding ^>vadto carcihoma^ eoloreetal carcinonia, breast 
caretBomas Inng e^rbinbnta^ b0pat<>ce|Mlar or prostate eareinop^a, and most speeifiealiy with 
cancer stem eelis assoalated with careinp:ma,^, incteding; ovarian carcjnpit^aj^ edloreetal 
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car<?^&^a^ fema^t c^resi^Qrna, cai^iiiom^, h^p^toc^Oujar or prostate carot^i^ma. Th^se 
Itm^BBOgem may ^ismute a CTL response in iii^lividuals p type, 

Tte immi3oog0BS of the pms^e^ iiiv<!:ntioB can W in the form of a compositioji of on^ or 
more of rite dlfi^reM imttiutiogem and wher^lti ^a^h imm^tjiioger^ ii5 present m mty desired 
5 afoiin^iasipe. Su^h compositions can fee hoimsgenem^s or h«st^g«me0i$^ with irespect to 

tfe indlvii^Bal immiiiitogmio peptida compostetit^^^ ha^4ng orsly om^ or more timn 

Tlie oyg^opeptides and polypeptides usellil in practicing Ih^ present invemloo iiiay be 
clesi^ed by fractionation of naturaMv occiimng pE-otein$ by methods oh as pmeas^s trBattBemt, 

I D or they may b^^ p3x>d\iced by s^coii^mant or synthetic mettodolo^gies that are w aad 
cl^ar to the skilled aTttsau (Ausubel, F. et aU Current Frotoools in Moljmntm Biology, 199% 
Jofe Wiley i& S^^^^ Inc,^ Me%y Yorlt; C'otigan^ J B, et al, Ctirret^t Protocols in Froi^m ScieB^ 
i99§, i€>:hn Wiioy & S^^ ISie%v "V'ork; Mptecml^^ Oojiingi: A LslborMory Maooal, I 

Cold Spring Harbor Laboratory Press, C^old Sprmg Hart>0r). ^lie polypeptide may comprise a 

I S recomBlnant or syitthelic polypeptidig^ m which peptide or oligopeptide seqtK^css^ be 
pms^rit i ji multiple copias. 



polypeptide^ tkmi said imm^^gcsrie poptideSv or epitopes^ nxay foe fee same or may he 

20 dilferen t* or may have ady Bitmher of such sequeiiccs w hereiii sotBC of them are idmtical to 
each other lo amine acid scqosiisce wMle others withm the same polypeptide iiveqrience arc 
dillerem from each other and said epitopic sequeoees may occur in any order witMn said 
imrsiunoge^iic polypeptide se^^ 1 be location of s^uch sequences withirj tlie sc^ocjice of ^ 

polypeptide B>rming imrrTunogm of th:e irr^e^ mf&ct reiative itTf^rmmogersie activity. 

25 in a^dditionj i$T^TpUT:iOge?5s of the preseot inyention may comprise more thao one 

polypeptide comprising the amino aeid seiittenees dlsoiosed herein. Stich poiypeptides Btay be 
part of a siogle compositiori; or may themselves he covaicotly or noo«coval<5jitly linkssd to each 
other. 




The rm?>'Simogenic pe^ herem may also W lis>ked or thrinigfi a 

spacer or linker to: axt immiMiDg^^ic earrser such as sermn albiimlri, telarx keyliote 
limpet h^^nioc^anins, dex;tm0 or a r^^combtnaiit viri^s partxcisj; immiinogemc peptide koowd to 
stimulate a T heiper c^ll ij^e immtme res|>onse: a cytokmo suc^h as mterfen>ii gamma m 
$ C-fMCJSF; a targeting ag^nt suah as an ar^tiBody 0r receptor ligaad; a staMlis^in^ agemt sucJi as n 
lijnd\ or a e0tl|uga^^e of a pltim^ a bfancl^etl lysine eot-e strucUirs^^ sncB as tB« 

so-caiied **multiple antigmic peptMe** d€2scpl>ed m (Fosn^tty D> H at^ J,BtoL Chers^,, 
26S;1 7 19* 1 725^ { com|K>imd si^^ polyetliylen^s glycol lo im^rease tli:e MIf life 0f the 
popticie; or adc1itlo?>a] amjsto acjds siicli a le^icter or aecret^^r^ sequm^^e^ Or a s^t|i^en?^^ 

10 employed fer tfe^ pmific^ation of the matui^ sequence. Spacers and linfeors ar^ 

corppnse r^Ui^ttVely small^ iiEeutraj molequles^ ^uch as amiJio aeids mid wMch are sobsttetially 
as^ch^rg^d xjn^der physiologioal conditio Sim!^ ^spacers are typically select ed fern the gtoop 
of iioi^polar or neiitra! polar ^nnno actds, siich as giys^me^^ other similar 

amino acids, Sucb optional spaec^rs or linkers need n^t comprise iMe same residues aod tlius 

15 niay be eiilieJT homo- or lieteB^j-oiigcjrners. Whm presents such linkers will coinmonly be of 
length at Nast one or iwo^ cornmonly tfe^^^^^fe Uyc^ and possibly as m^ch as or even tJ;p 
t<> 20 residues: (to tfee case of asrvii^o aqid^: iiv BddMon^ su<^ lirsk^ 
ampo aci<ls feqit prsy oHgomedc strucU:in?s ^sll do as well so l^njg as fhey im>vide t^e 
spacing so as to optimisie the desired leye^^ Qf immianogeme actiyity of tke iimHUtK>ge^ of tlic 

20 present m vwstion. The nrstn^tsogen may thes-efere take asiy imits tlmt is capable of eiicitiii^g a 
CTL respond. In a4?iH^<^% die itnmunpg^to peptides Ixrv^ention may l>e pa^ of 

an Immiinogenic structiire via att^ehiBonts other than conventional peptide bonds. Thus, any 
manner of attaclnng the pcplides of the invention to an immnnogcn of the Invention, such as an 
immnnogeivic polypeptide as dii*elosed hei^in^ coOld provide an nnmunogcnie stmctnre as 

23 el airned herein. 

Tliiis^ imtnunogem/such as ;po1>^e|Hides of tHg invention, a^t^ stn^ct^i^s #at epntm 
peptides disclosed according to the preserjt invention 1>tit such tmmnnogeme peptides may t^ot 
necessarily he attached tliereto by the cooveiitionai means of u??in|> ordinary peptide honds. llie 
imtnunogens of tite present invention s^impiy contain ^isch peptides ^s part of Ihejr makeup, bat 
30 how saeh peptides arc to be epmhined to form the final immunogen or combination of 
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mmmim^^m i$ fcft th^ uilmu and expe^stise csf tljie liss^r and ia^ in nQ vmy resmctecl limited 
by iHe discldsure cojiitam«r<l h^six^in. 

The peptides thai nsturaily ps:«>e9e^s0{3 as^d baar^d i^ ^ islass I MBC molecM^, ^jid 
whiiih are rec0gni:^ed foy a ti^moT-specilfl^ CTI^ need not be th^ oi^tiMal peiitM^ for ^lintiilating 
5 a CTL response. Se^, for exampfe^ (F 2§ R. ^t al., X Imm^oL, 1S7:2^^ 

iimm liosenbefg, A. aL, Hat, Med., 4:32i«327, (I99B)). Tims, theirs can fo© utility m 
ii>odilvit^g a pei:^!^:. such tto^^ it More readily indt^^ a CTK. t5es|>cmsev Oene^ 
may be modified at two types; of positions. The peptides may be modified at atniiio um4 
resMues that are predicted to imemct with the class 1 MHC moleciJle^e in wliich cas^? the goal is 

10 to create a peptide that hes a higher sxffiiiity for the elasis I MliC n^olecule tbar^ docs the patx^nt 
peptide. The peptides can also be modified at ami ac acid re^sid^Jtes that are predicted te interact 
with the T eell reeeptor m\ the CITL. m which case the B^al is to create a |>ep£ide thsst has a 
higji^ ^ffimty fcr ;the T oall receptbr than does tb^ parent pe|>t^d^. #f these typ^s of 

modtficatioBS can x'e^uU in a vadant peptide that is related to a parent peptide^ bot which Is 

15 better able ti> incHice a CTI. r^^ponsEe than is the parent peptide. Av^ med herem, ttse temi 
■*pa;rent peptide" means a pei5t^de or pii^^Siptide se^pen<^ as beirtg associated wi^ a 

MMC riioleeptev 

Th^ pamm peptides diselpsed herein can be modified by the substitution of eiie or more 
reaid^^ at <iifFerent^ posssMy seleetive^ sites within the peptide chain. Suc$i substitutions may 

20 be of a ^fiservati ve natt?^, for example^ where one amiiio p:?i4 replas^^ by aruipo ^cid <>f 
shiillar str^icture and chsracterigtics^ ^uoH whore a hydrophobic ^iminp ^eid is repiace^^ fey 
another hydrophofeie amino adsd. Even rnoi^ eonser^ative W0tj|d be i^placemetit of amina aeid^? 
of the sariie or similar s^^e and chcniical nature, such as where leijcii^e is replaced hy 
isoleucine. h^ studies of j^eqeence variations in families of ?>atura1ly occrjrriog^ homolcgo^ts 

25 proteios> certaiEi amitio aeid suhstitntions are morn^? ofen ioleraied ihar^ others^ ai^d these are 
ofteii show correlation with siniilarities in sis^e, charge^ polarity, and hydrophohicity betweer^ 
the origlt^al ami^^o a^id an^ r^placeme^it, arsd j^ueh is the basis fyr degning "cdiiiacrva^^^ 
snbstitutic^ns>" CoBsei^'ative stibstitutions site herein defiined as ej^LChanges withm one of the 
tMlowing five groups: Omtip l-^nialt ailphadCj honpolar or slightly polakt residues {Ala^ Ser^ 

30 Tbrj. Fro^ GI^; CSroup 2 -polar, n^ativs^y chained i^sidiies and their aMides^ CAsp> Asn. Olxi, 
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Gm>; Gjroi^ 3^p6Jat^ positively eharged i^gfidisie^^ (His^ Ai^s Lys); OtQup alii^l^atie, 
r^ori polar T^«idt5<.^s (M^t^ L^^^Jv Ikt^ Va^l-, Cyis); ami Group 44arge5 aix>matie residues (l^se, Tyr> 

L^ss cbmerv^ive sisbstitutj^iis might involve the replacemeiit of attjiito aoid by 
5 ewrjatJ^^ tMt fes^ similar eharac;teri$ties biit is ^opigwhM dipbmit tn si^se, s^iqh as^ i^placeMeist of 
an alanine by an isoleuci^ resi<iue> HigWy nonoor^s^rvative i^lac^m^te msght mvolv^s; 
Siit^Mmtmg; acidtG nmd for ane that is ppisir^ or even fer prsnS thM Is b^sic m <i;^^ote. 

Such radical s^bstiiutioas eannot^ however^ be dismissed! as potentiaily inefftsctive sii^ce 
cliemical effects are not totally i^redict^iMe a^d radic^al siJbstitutioBS might well give nse io 

10 serendlpkous ef^cls not otherwi??e predictable from simple cbeinical prH>cipi§:s. Of coii^rse^ 
si^ch sobstitiitioiis may iOTolve structures otiier than the comrnon L-ammo acids. Thas> 
simino acids might sutetittited for the L- aituijio aci<is commo^^ly ^uncl in tli^ aMigenio 
iseplides of tlie a$ip yet stOl eticompMse^i by the <iiscldsure Mrsdat. fo aid<Mtio3^5 

ammo acids possessing noo^-^sta^dard R gr€>ups (i.e,. E: g^pps oth^or tbaTj those i<>md in the; 

15 common 2C) amino ackis of natwal ptotems) may also be used fer siibstitutJOB pi^rposes to 
prodisce hm^utiogetis and in^mm>ogonio |K>ly^ a<>cordiiitg^ to th«t isr^^sent inventk>i:^> 

If sobstimtioos at mor*?; thax^ one position are ibimd to result m a peptide with 
substantialiy eqmvalejit or g imtnunogeiiic activity as dc^fined befew, tte^ combinations 

of those sabstitutions can readil y be tested losing %vey -known methods to determine whcth^^r th«? 
20 i^ombi^^:^^ siibstit^itibns rtJSuU in additive i>r synger^eie elTecis on tbe immBnogenicsty of the 
poptide> 

Eased on cytoto^ieily assays, an epitope is coosMei-ed substaiitially ideiitlcal to tlie 
relfei^fiee peptide if It has at lea^st 10% of the aBUg«i;nic aetiviiy of ihe i-efcrence peptide as 
deftBed by tb^ ability of the s^bstityred peptide to t^onsdtute tiie epitope reeogi^ized by a CTL 
25 in Comparison to the i^^^reijee peptide. Thus, ^heri opmp:atnmg tM lytic activity In tbo lipear 
P0rl3on of th^ ^^etor: target curves w^th eqiiimolaf coticeotetipns of tfee referen<;e atid 
substituted peptide^ the ofeserx^ed per<^€;nt specillc killi^ target cell§ incufeated with tile 

spbstituted i^ptide should be eq^ to that o f the refet^itce peptide at Mi el?€:Ctor;targel r^tio 
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ttiM is no ^eater tlian lO-ft>M 4^d^$ the i^fierence peptide efl^ct:or:t:^g€t ratio at which the 
compsnsorj is being mside. 

the peptide <^oi5<?entr^tio0 at whk^h the subMtutoi pe|M«!es a<?Meve h^i¥ the ma^imisl iltcr«^as^ Its 
5 lysis i^l^tive t0 baMekgroiJtn^ no moi:^ than a&o^ 1 millimolar^ pt^ferafely n<> xt^o^^ tlian ahout 
! micst^jt^olaf^ more p^^^^^ no more than about 1 nmomolar,, ai^<i stOI more preferably no 

rrH>fe thari aboM IQ0 pcomolar, and mosst prelferably n«> iB^^t^ tfim afeotit JO picdmolar. It is 
also p3:efered jtot the substitiJted peptide be recoipii^sed fey CTLs mor^ than a?>e 

mdividual> at least twOj, m^i^ prefei^foly thme si^dividisal^, 

10 Thas. the epit<>|jes of the presmt m^otitioi^ may he ideittical to natimills? oeeumiig 

t3iJm<>f-a?§soc;lBted or tfc^mmvgpecifis? peptide ^itop^es or it^ay itiolude epitopes that dl0or from 
the referenee peptide^ as long as they hsve substantsally identic^il imit>t3JK>genlc acti^ cm^ 
bind to MHC Clas^ I tiiaiecoles or be proe^s^ed to hhid to MMC moieeisles> 

Tim immiinogiemc peptides and polypeptides of the inventioti cm he pre;pared 
15 synthetical ly, by reoombsmnt DNA tei^Lnol^^gy, o^r tli^y catii be isolated from Tsatut^al soBtces 
sijeh as tumor ceils the parent prot^it ptx^^ 

The polypeptides and ofigopeplides di?>closed herein can be syiithesized In solution or 
on a solid support in accordance with conventioiiial technlqtios. Varjoijs aiitomated peptide 
synthesis^ers are commercj ally available and can be used in acsjordance with known prDtoeols. 
20 Se^^ for e^^ample^ (Gran O. A,, Sy^ithelic Peptides; A Us^i:^^ CSijid 1992, W. Freemaii and 
Company, Hew York; Cohgans J. et ah Ciirrent Frotoeols in Ft^tein Seim 11^9, l0liii> 
Wiley 5 ^ BotiSs lno.> Nfew Yorfe^< ftr^ments of polypeptides of the iiw^^^tjon ean also he 
synthesi^M a^ ihtettsi^diM^ m the ^yhthesis of a larger polypeptide. 

Recombi nant DNA technology may he empioyed wherein a imeieotide $?eq uenee that 
25 encodes ap ijmnu oogenic peptide or polypeptide of intet^st is ioserted into mi expression 
vector, iran^fem^ed 0r tjrmsfect appropria^ tost ce^J^ aiitd ctiltivated itmder eojids^^ 

suitable for eocpr«ssipn> These pix>oedi5res are well knpwn ij-i the art to th^ skilled artisan^ 
<lescrihed in (Coligan, J . et al^ C^srrent Froto^s^ls m Jm 
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New 'V'prfc; Ait^bel^, M. al^ Currimt Fp>^P<x>l;s m Mol^scislar Biology; fS99^ iohrs 
"^iley & SoTJS, Inc., Maw York; MoleciUar Clonmg: A Laboratory Mm^ual, 1989^^ Cold Sprisig 
H^JrboT Laboratory Fresss, Gold Spring liarbor). Thus, i^coTnMo^iitl^ |>rOdMeeid peptides or 
pol^^eptid^ss can lije lised as the iinm^iiogms of mveniian. 

5 Tim coding s^qcnces Ibr pc^ptides of the leti^Ji contcmplatoj terem <jar* synthesi^eKl 

os^ comm^^Mly avaii^^e sa^^tomMCid DMA ^yntiiesi2;m:§ using^r^lo^ois rimt are well letdown m 
the mt. Sm for mmtipl^^ (atrnt, C3. S^itietie Fe^^jd^s: A Uses^si <jm^^ i9<^2, W. H. 
Preemati and Gompanv, New York; Ooligan, J. E, et aL Cu^e?tt Pmtocols in Fmt^in Sciersoe, 
1999^ Jolm WO^y ^ Sons, lii^.. New York). The coding sequences ean also fee modified sucli 

10 that a peptide or polvp^^ptido will be produced that incorporates a dc^^ired amino aoid 
sotetiiiJtioj-j. Tlie codmg seqijmce can 1>e provid^^d wulv appropnato Hnkers, be ligated mto 
syitafele expresfsioa vectors that are commonly available in tlie art, and tlie re^i^lting PHA or 
RNA mol^jcisle can be trai^s^rmsd or transfejt^d into smiajble hpsts to prodiice tlie #iesiired 
fosaon pr0tem> A immber of ^iioh vectors are awnat^le, and their 

IS selection is Jelt to tlie skilied artisan. For exp^re^sk^n of the fesfe^ codteg soqiience 

wjI! I>e provided wllb opembly litik^d statt mid sl0x> oddon^^ |j^romol«sr ted tetkuinMof r^^^^ 
and a r^lJcation systsjm to pmvld^ as^ exprejssion vector lor expr^sion in the desired hos^ c^ll 
For c^xampfe, promote seqwncos compatible with bacterial hosts are provided in plasmids 
coritammg coBVCTMOrit restnotion sitej^ for msertioii of the desired coding seqoonce. Ihe 

26 pssultinig^xpmssion vectors a^-e traiislbeTicd mto ?^uitable bactedal hosts. Of course, yeast, 
m;s«?ct, aod mammahark Most cells niay al^so be uaod, coipioying suitable vectors and oonlml 

or traiisf!prn>€:d or tran^ioctod) 

w^b vectors of this? irrVi^tion wliicb may be, lor example, a ejomng vector m mx o?cpt^ssion 
veclor- The veclor rnay be^ Ibr e^eample. irs the fonxv of a pkismid^ a vi ral particle, a phage^ ote. 
2S Ttie engirie^red ho^ cel1& oan b^ <sultured in conventional nutrii^^ med?^ modjfted as 
appropriate acd^atin^ promotes^^ s^el'^ting traiis^^rrmants or amplifying the genes of th 
pT^s^tit mverrlion. The culture conditioms, sneh as tomperature, pH and the likCj are those 
pro^ioosly mod W3t|i tb liof t c^ll selected %r^pr^§^on,^^ a will be apparent to the ordhiarsly 
skilled aitisan. 
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More paitieularly;, the pf^s^sot ii^^vei^tion also mcludes i^eomfeitiant coiistrcjcts 
^ompirmng oiie or isiore of the se<|i5er^c as bmadl v iiescrib^d abov<^. Thsj eonslrocts eompnse 
a vector, sueh as ptasmid or viral vector^ mto wMcli^^ a sequesice of the mvetition h^s beeji 
inserted, iji a forward or ?e verse oriontatlen. a preferred a^spect of this emlso<Jim exit, the 
S constrtiet liirther eomprises regulatory s^uences, iocludmg. fet ^^^aniple, a promoter^ ope^rabl v 
Imfeed to ihe sec|ueiice, Lat^ nmid^ea^ x>f si^hable wctors aiid promoters amloK^wn to thosje of 
slciil in the a^rt^ and are <:onm5es^^Jly hvs^ 

in a fdrther embodiment, tbe present invention relates to host cells eontai Bing ihe 
above-desoiberl c^onstructs. The best cell can be a higher e ok arvotiie cell, 0aeh as a iMammalian 
W ceil, or a lower eoksryotic eeli, sach as a y^a^t c?eM\j or the hoM eel J can be a prolsaryotie eell, 
siicli as a bacterial cell . 

MtK^odxJCtion o c<>nistriict ixito the cell oaii fee efl^tied by e^lcium phosphate; 
tratisfeetso^^ OBAB^De^ctrae mediated transfection, or eleetroporaMon (Ausiibel, M et al, 
0U3Tent Ptot^eols in Molecular Eiology, 199^, John Wiley^ Sons, Ine,, New York; Moleeuiar 

!5 Cloniog: A f.aboratory Maimal, Cold Spring, Harbor Labomtory Fre^s;^ CoM Spring 

Harbor). Snch cells can mutinely be utilised Ibr assaying CTL activity by liavmg said 
genetically engineered^ or reconibinaBtj host cells e^cpreas tte irnmunog^snic peptides of the 
p^^&ent inv€aitioTi. Various celi cultt^te systems isan ^Iso be employed to e^cpress 

reeOT^bisiiaiii protein. Examples of tpamrnali^n HuMgs of 

20 m<mk«:y ydney fibroblBSls*^ <^ Oius^matr^ Cell^ 23;175 <19S^i)^ arKi other eelj line?? 

capable of ex^ressi jig a <?orn|>^3ble vcctDi% Ibr exampla, the MH3T3^ CBO, HoI.a 

and BMIC eell tib^s, MammaEte es&presfslrm vectot^ will o^rppt^^e origiit of replication, a 
sintable pmnioter and es^baneer, aird also any necesssary dboi^ome binding sltes^ 
polyadenylation site^ sphce donor as^d acce|>tor sites, transcnptional tennirsation seqeenccs, an<^ 

25 5' flanking non-trmt scribed scqoences. DMA seqneoces derived fron^ the SV4<> splice^ a^isl 
poiyadeoylatioo sites may be used to provide the required noiitranscribed genetic el eniCBts. 

The polypeptide ^afi l?« recovered and 3>arifted Jfem rac<>mbipmt cell ciiltdxes fey 
tt^eti^^s iB^^li^^lag ^Bimoniuro sulfate or ethamol precipitatsoB:, aod extraction, anioti or catior^ 
e^M^ai^ge chraiaatogjfaphy^, pliospfee^sBujo^ ql>rpmatography, byd2%)|5bdbic iMeractsoii 
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chi:x>mato^raphy^ i^fBmty s^tlwomatography^ hydix>xyla|>atit€ ehmmato^^aphy im4 iectit^ 
FroifeM f^lbldis^^ siep§ can be med, as i^<2ceSisaTy, in completmg coatlguration of tW 

Compositlorts smtable lx>r gtimolatiog an immune rc^spojMe ijr^ vivo inc^lode 
immunotbempe^Jtic vaecirses with or more peptides, oligpnuc!s5oUda<^ or p^>typept5des of tJie 
iiwei^ti^n, or with polyr^ualeotides coding tbr one or more peptides, oKgoiiuclaotides or 
polypeptides of the invention, c^sri bo m^oomph^h^ n^mg ariy of a vanety of tedgen delivery 

10 systems well km>wn m the an that direct the peptides^ o!igomiol^atid or pc>fypeptkie§ to the 
site of l3^p?feid ^Ite wl>at^ the ^^eotM imMinio^s directly e?cpo^^ to 
ps^sentii^^ c^Os m ordi^ to elicit a CTL respcm^e against the vaa?i?se components vivo in the 
padenL M^camples of deliver v^Mdcs incMe Ii|>os05nei% haotedal ami viral vectors and heat 
shock proteins. Adjuvants include hut are not Id^titcd to OM-CSF (Cltanalocyto Monocyte 

15 Colony Sdmulatlns F<^<^ Listeda, l.Ae3 mid heat sh^ck piotcin^?. RocomMnam or spithctic 
peptides of the iiwention may be mixed with an adjuvant and direct I y injeoled into the patient. 
Thm, one? or more peptides of the irworitioB can he provided to antigen presenting ceMs in such 
a fashion that the peptides associate with clas^ i MHC molecoles and are presented on the 
sur&ee of the ajitigett $>resentkg ceil, mn^mp^^ avaHahle t<s stimulate a CTL 

20 r6^po0se, s^inst cancer ceii% ^lild pt^fe^bly ^g^ nst oancer sleni eell^. 

The immnndgenic pep^ may he osed to elicit CTLs v/ w 

from cither healthy Individnals or fe:>m caneer padents with canecrs such as ovadan carcinoma^ 
breast eareinoma, coloreetal carcinoma, h^ng careinoma, or pn>staie carcinc^^^ Sneh respc^nses 
are ihdiJC^ by iriciihating m tissue cultiire the individual's CTL precu^^ lymphoeytejs together 
2p M Mmmc 0 f cells at?d the a|5pf*^pri^e i jt?n^iin€>g;enlc peptide. Bxarnples 

of miitafele antigen presentmg cdls include? dendritic odll^^ n^acrophages^ ax>d ^tlvated B c#lls< 
Typfoally^ the pe|>dde M eoncen^atians betw^o 10 Mid 40 ug/ml woisld W pce-inctib^ted^^w^ 
the aiitigep presendtig ce^iss fer p§rip4& tmgmg Jfeo^n 1 to IS hout^. Beta-1- itsic^ <4 
g/m!) can be a&letl diiring dife iiine period to enhance l>inding. The antigen presenting celk 



nmj also b# held at room te^T^pemtum duiing (Liimggreii^ ILO, et al 

Nature, 34^:476-480, < 1090)) or pretreat^jd with acid (Zeta^, H. J,, Lfl et at^ HumJmmiinal.^ 
39'79-S6, (1!^P4)) to promote the geBeratio^i of denatyred clas^s I: IS4HC molecules wbich ear? 
tlien bji^d the peptide?. Tlie pt^ursor Crf Ls (responders:) at^ thetv added to the antigesi 
S prosontiiig cMIs to which the Imniunogeme pe^p lias boond (sdrBiilators) M respOiMer to 
stsmulBtor ratios of betwee;ii 5;| misd 50:1^ a^iid mo^t tvpi<^aily betweon 10:1 and 20:l> The eo 
cultivatioii of the cells^ S7^C in RPMl 1640^ 10?/e^ fbtai! bovine serutYj, 2 mM L^^^ 

put^iii^;-, a^d II>2 0-20 Umts/inl): Other cytokines^ ^uch as IL-I^ JL-^^ arid iL«12 may also 
added to th0 s^iillt^re. 

| 0 Fresl^ IL- 2 -co otfdoirig media Mded to the Ciiltijres every 2-4 days^ typically by 

reiTioviitg one-^haif the oM oiedia aad replenishiiig it with cqija! volume of tresh media. Al^er 
7^10 days J ami every 7-10 days thereafte?r> the CTL are re-stsmulaied wis^h andge^ preseotiog 
oells to whick inteuitog^f^ic pepdcle li^s been t>ound afe d^scol^^ Fresfi IL-Z^^ <x>xitMmng: 

itmdia is a4c1ed to Ife Ihroagho^ tl^alr cii^^ described afe^we. llhiree tc> fe>w ro>^nd^ of 

I S s^mi5lation> aiid sooi^times as many five to eight rounds of stimi^teliotj, are r€scmired to generate 
a CTt t^si^nse that then be measured in vitK>< TIk? #^ow~das?<mi?M prot<>cdl illti;str^tiw 
oniy an^d^^aaW m>t be cob si dieted Hmitiiigr 

Masiy in vitto Ct L stim aiation protocols have beofi de^eribed aiid the choice of which 
05t«s toiise is well witMti the teowledge of the sMlle<i aitisi^^^^ The peptide-spe^ifie CTX oaa 
^I0 finife^^ es:|^¥tded to l^rge numbers by ts^atment with ^?jt|-CD3 amibody; For exte?|>l% ^ee 
{RiddeO^ and Omenberg* O,, linmiuiioLM^iod^ 12^:1 S§-aQ1, (If 9^0); Waf^^ A, 

€Jt aL, N.BnsLJ.Med., 3^0:1038* I <>44, (19#5)). 

Antigeii preseMing cells that are to be used to stimiiMe a CTL response are typically 
iticx^b^ed with peptide ot axt 00inml lengthy mo^ commonly a nonapeptide:* that allows 
S5 direct bi^dssis^ of the p^eptide to the da^s I MHC mol^cnl^ wiflltota:t iadditioi^al pmeessin^. Xarger 
ols£0pei>lMe^ aiid polyp^ptMes are genenilly t?$etTeoth:^e i?i biodi^n^ I MHC moleeWles 

a^ tlrey aie 0ot aMeie?5tly processed Into at5 appropriately sisi^ed peptide m the extraeelluiar 
5ml|iet3. However, a Vt^riety of ai^i^roache^ known m the ait tlmt allow oligopeptides at^d 
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po!y|>eptide3 to b«5 em>get)oa^ly ao^iujned by a celU ^'Meh then aliows for ih^ix sybseciuei^t 
pmc^es^ing and presentation a class i MHC^ mai ecok^ 

Repi^s^tatjve, Inst iion^Iii:^ examples of such ai^proactes include electj^l^ 
of tfee mol0Cii1es mt^ the cell (llardlngj C. H. III> Eur,!, Immmioi.^ 22:1865-1 8^69^^ ( 1 992))> 
5 ema^stslstmn t>f the moieqiiles in lipos^rn^s whicjt fus^^d l<> the ^irsLt^sra^t C^^ad^^ 

m uh^ h Immxm^h M&tfmds, 141:1 $7-^163. ox omnm$o dr^^k^ m wliicfe the jsiol^^oles 

arc? tato via pfm<>c^sis <M<>c>re, M. W. ^ a!.. Cell, 54:7^% (1988)). i%u% 

oHgo^eprid^s poiy^ that c^mpinsa one or more of the peptides of the invs^j^tloo can 

be provided to anti^n |?ree^enting cells In siicli a iaslnon tiiat ihcy ar^ delivered to the 
10 cytOfMasxB of tlie cei}^ and ar^ siib^cqi^ssMl^ processed to allow presenlatioo s>f tli^ peptides by 
MliC iBolce^iles> 

Axxti^B |3^r^senti^5g ^^ells suitable stinmliating mi In vit3X> QTh p^^sponm ihm. is 
speisifio fer on^ more of the peptides of the mvet^tim em aim be pre^sared by iottx>duckjg 
polyxjocleotide vector^: eii se«jae«^C€^ into tlie cells. These polynocleotides eati be 

1 5 dsssigoed smli that tliey express os^l y a sisigle peptide of tlie mvcntioo, lYiultipl e peptides of the 
iiivention, or even a plurality of peptides of t he invention . A variety of approaches are known in 
the art that aJlow polyrmcieo tides to be tatroduced and expressed in a cell, th^s providing one 
or more peplide^s. oligopeptides or polypeptides of the invention to the class I MHC moleeule 
htadirig pathway* R^t'esentatiye, tot npi^-Mnti^^ exasnples of suieli approaehe^ mclmle the 

20 introdtictton of plastrMd E>NA thtongh particle-mediated g^fcie transfer or ek?=etmpor^tion 
fFytiegs T. et a!^^ IrnmnnoL^ 100:1 139-1 147, (1998))^ or the transcfyction 0f cells imih mt 
adenovirus cjcprcssmg the pojyBncleotide pf inter^t (Fere^-Rie?:, A. «^ aL, Cancer Kes , 
5S:S365-5309^ (I5>9B)). Thirs^ oligonneleotides that code lor one or moi-e of the peptides, 
dligopeptMes or polypeptides of the iovention can be provided to a^itigeo presenting cells in 

25 such a fashion that the peptides associate with class I MHC moleeales and are presented oo the 
surface of the antigen presenting; cell, and consequcf^tly are available to sthnnlate a CJTL 

Bv prei^^rmg lite stlrt^ to geoerale an in vitro C^!v J^sponse in different 

ways. It is posslfole to eontroi the peptide ^eeifieity of CTL r^^ponsei. For example, the CTL 
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^exmrMed xmth parfeular peptide wail sic^c^ for that p^|>iick^ Lik^^w C"TL 

that tim geii^mt^ with a pdl^j^ejstid'^ or i^jlym^^c^ e?cpr^ssijig or codmg for panieiilar 

peptides will be limi^e<^ that mcogni:g:e those pepiides. More broadly^ stimolatof 

ccsXISs and mores ^peeigcally deiidntic c^llSj cmi be inciifeatedl m the pmsencse of the parent 
S proteu^. As a i\irtli^r alternative, stitnolator celte^ and m^>re specifically/ dendn lie cells, ca?i be 
tmosdu0ed or IrgMisieeted with or Dl^iA oomposlrsg the polynijieleo^ aacoding 

the px>tem> Under the^e alternative coii^ditiom^ peptide epi topes tJtat ai^ mtuiMlp ^iaav^d om 
Of the pmein c%y a^ociat^ with ai^ c lass I MHC^ molecule* Tito selecrlots of Antigen 

presenling c^ells arid ilie typ^ to stimulate^ the CTL is left to ilw oMmary 

I C) sMKed attf sail. 

In speeE0e embodiments^ the methods of the present ioventioji melude a method for 
Irxdijeisig a Cl%. res-ponse in vitro tl^at is speeific for a turaor eelL whemby the metliod 
eompdj^es cantac?ting a CTL pjreo^srsor lymphoeyt^ with an antigen i^resenti^g; cell ihut hm 
bound iimmtsnogm eosttprisij^g one ar more of the pep^dea diselosed accordio^ to the 

in speerfie embodimeots. the methods of the preseei iBvex:5tiDn iriclude a sriethod for 
indiJcio^ a CTL re^spcmse in vitro^ preferably for a cancer sterti cell^ wherefey the methpd 
corjiprises contactin|g a CTL preeiirsor lymphocyte w presenting cell that; has 

exctgenously a<x|iiired aii Imtx^ijnogemc oHgDpepti<l45^ mm or mom 

16 of tJie pei^ides disefos^ ^eeordiitig to the irvventiotit, 

in specliie erhboditnents^ the r^^ethods of the present iriyeritiort incl\ide n^ethoel for 
iBduchig a CTL responj&e in viv^s, preiferahly for a cancer stem eell, wherehj the method 
eomprises coniaeting a CTI. precursor lymphocyte with aiv aritigeit presentmg eeli that hwt> 
etidogersoosly aeq^ired 811 irr^munogeme o!ig;Ope|5tide or polypeptide Ifeat comprise one or mor^e 
25 of the pef^tides d Isclos^d aceoxxtlng to the invealion, 

A y«^t additional ernhadiment of the preserit iovention is directed to a process for 
iBducing a CTL response in ^^itro that is speeifle for a tun^or cell, pretembly for a cancer stem 
cell, cornpdsing eontacti?ig; a OTL pTecursor lyrpphoeyte with asii antigen piesenting cell that Is 
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^xppsssii^^ a |ksl^tiuc^^oiide eodirig for a polypeptiieJe Qf tixe ihywittion ami wherein sai<Si 
polynucleotide is operably li isWd to 8 promoter. 

A y^t a^Mitit^n^il embodim^tt of £^>^5 pr^^^ent invss^^tios;^ directe<^ to si prt>c^s^$ for 
isiidtising a CTI. r^spome in vivo that fe^eoMc for a tutin^r c^!, pr^fieraMy for a cmsjer st^m 
S cgll> <:omprising <x>0t^ctlB^^ precis^or iynt|2tfit0cytis with miti^mi pr^^ntin^ cjoII Ihat is 

axp^ssiBg a |30lymie1eotide coding Ibr a poiypeptide of tB^ m^a^Blioa ^?sd said 
|K?!yn^;i^lfptide is op^bly linked to u promoter. 

A vanely of tec1inique$ mist ikn ass^aying the ^^otivity of Cll..> I hes*5 teclmiques mcl 
tb^ labeling of target oelfa wilfe mdioBiJolidos mxch m Na^^Cr04 or ^ll-tbiy^iidme^ and 
1 6 measuring the release or retention the mdiom^cjl kios from the target cells as an itsde^t of cell 
death. S^l:i assays are Ski^own m art axsd tl^cir sele€:tKm is ieltt^ the isMlled^rti^^, 

Altcntativsjlj^V C^l'i- release a variety of cytokiiios when they £^re stuBulated 

ao appropriate tc^rget eelL si^cJi as a ti^mor coll mpr^ssin^ the r^iev^^m class I MHO molecale 
ai^d the eortesponding peptide. Mos^-limitin^ e?tamples of s\ieh eytokinos molud^ IFN-gax^jma, 
15 TNFo<^ asiki OM*CSF* Assays ^r th'^^se cytokines are well Icnown in tlie art^ astd their i^etectio^ii 
is left to tli^ skilio^^ aiiisan* Kfethodology for 3>ieagnn;ti^ both target cell de^tb and cytokine 
release as a measure isf CTL reactivity are giycn m (Coligan, Jo E. et al* 25 Current Fmtocofe 
an femtsnOlOg^ 1^9% JOhh Wiley Sl SoO% Mc.^ New Yt>rk)> 

After expansion of the aiitigcn-specitic CTL ir* vitro, the latter are then adoptiveiy 
W iraosfered haclc into the patients where they will destroy th^qir specific t^irpst ce The utilit^^ of 
sneh adoptive tniHsfor i^ derBO^istrated in (Dudley M. et Science 25; 29^8<;55^4):8SC^S$4 
C2dc>2); Horth, Rv J. et ai» infect Immim.^ €7:301 0-201 2^(199^^ Riddetv S; R. ^t aS., Seiex^ce, 
25?;23S«24I^ (19^2)). M <l#ts^ini0g the amo^ of cetl:^ to ?^m|iise, tbe skill^^ will 
bo gmded by fee total j^umbg^ of c^ls availabH the activity of the CTL measnr^d im vftro, 
2$: and tlie condition of tho pats ent. 

Freferahiy^ however^ aboM I x 10^ to^feout 1 It)'^^^ more preferably abont I ?c 10^ to 
ahoot I X 10^^, aiid cvm iCf to aboiit 1 x 10"^ peptide-specffi^ 

are Iniiised, Methodolo^ for r^n&s^mg the T e#ls it>t0 a ps^ient are well fesown ssnd 
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^xempHSed in U, S> Patent Mo, 4, 8443^5 to Htsnski, et arsd Fatimi No. %690^915 to 

11^ peptide-spedlfi<? CTI> isan |?ud^ed tile stimislator shells piiot to infbsioit isim 
tte p^M^^^ P^^^ ^ fBoiiocloml antited^ directed towartl tite c^ll siirfa^isie |>r^t^^^ 

5 present on CTL> i^ad be ixmit in <?OJ>janotios> with a variety of isolatk^n techmqti^^ s^^ch as 
amifeody pamilt>g.» flp%v c>i:oitsetric sostijig, ami tsm^n^tk^ b^ad sepamtkw to tlie pepiMe 

sp^iile CTL away fmm mry mm^ivdxiB non-peptM^ s^pecMe ly¥t3plK?cyl^s or frosr? ihm 
stimulator ceils. l%cse mettod^ ai^ well teown m the art, aad thevr selection is leil to- the 
skilled arHsan. It should l^€> ap|^ that g^n emtio n of pepUd^-specifio CTL m this manner 

10 obviatos the need for ^sttmulating the CTL in the presence of tmnorv Thu% ^mr^ is no chanoe of 
is^ad vertently reHit^x>ducin^ tximor cells into patient 

Tlws^ £>ne em^odimem o t^ihe pse^sent inyeMion retetes to a pmee^s for treating a sabject 
witli caitcer chan^cten^ied ts;^ easier stem cells: %vhereby CTL produced in vltm according to the 
present iiwei^ti on are administered in arj amoiir^ s^iff^ci^2nt to destroy the tumor cells t1iro^^gh 
I S direct lysis m to efllect the destiijction of the ptimor cells mdircctly tfcou^x the elabomloa of 
cytolcn^es> 

Aitoth^r emhodiTmnt of the present mvention is dkeoteci to process lot: ireatktg a 
snbjact with capc^ chamet^;^d hy i^Bximr Mem mllp axpt^ssisig gjtny classy J MHC mofecnie 
and an associat€?d ^ltox>^^ whereby the CTI^ are prodBced^ in vitro and specific tor the 
20 epitope or parent protein and are adiTnniMered in an amount siifficiet^t to destroy the turn or cells 
throngh direct lysis or tp e£feqt the de«tmction of tjw toHior cells indirectly throngli the 
eiaboraiior^L of cytokin es. 

T5iuSy o?50 embodhnent of the piw invcntkm re^iMes to a prpcoiss ior tr«&ating a subject 
with cancer ^haracteri^sed by caticer stent ceils whereby CTl^ prodiuoed in vitm according to 
2S th<i present mveptiOti a?^ admsnssteTed in an amoont sufJIcient to desstroy the tnmor cells^ ssad 
preferahly cancer stem cells tlimngh dire^:?i lysis or to effect tM destra of tite tumor cells 
indi rectly through the elaboration of cytokines. 
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Anotiier ^ntbQiliment of the present myerittion is directed to a an im:it>Utti^,*#to^s p^$H>cess 
ibr treating a sufejeci wi^^^ cancer cl^simcteri^M by can^isr steij tells expi^ssiog my class I 
MHC iBolecuie and an associated epitopes, whereby the GTLs are prodiacecl |t> vivo ^rxd are 
ispeclinc ibr an epitope^ or epitopes denv^d trc>m an oligapepii^Je or poIype^ptMe administeied to 
the patient in a fashioji such that tite tumor cells, an^J pFeicmbly cancef stem cellsv are destroyed 
tlirough direct lysis or to elfeet the deslruotion of the tumor eeils mdir^etly tlimpgh the 
elaboration of cytoldjies. 

In fhe faregclsig smbodiiv^^ts ife?^ oanoet to be insisted may incline cnncm^ 
mcludipg hot not Ismitod to an ovarian carcit^onia^ breast earcdipiotna^ ^ colost^tal carcmoma^ 
teig carcinoma^ Iteptaoeol1i4ar caBSfeoma and prostate caroinorna. 

Ex V3 vp-gmerated C^I1.:^ cati be used to identify and iso!a^ tJie T c^eil reo^lpr iBalecxj|0«^ 
specifie fer tlie p^ptkfe. Tfe £fene§ eticodlog tile alpha smd beta chaitis of tlie T ceil recepk^r can 
be cloned ipt*> i^s^ eKprossioo veotor J^^^^ ajtd oxps^ssed m mtH^e T o^lls tr^^^^ 

peripheral Moodj T cells froni lymph Jiodcs> or T lympftoeyte progenitor cells Ifem bone 
marrow. These T eeils^ which^ w be expressing a peptide- specific T ce^ I receptor, 

wonld thOB liave anti-^tmnor reactivity and couJd bo used m adoptive therapy of cancer^ and 
Tnore specilically cancer, colorectal carciTiDma> ovarian earcmprna. lung carcirjonsaj, ax^d 
prostate c*irci noma. 

In addittos^ to their xise ibr therapeatic or prpphyiacti]C purposes* thi^ imiT^yBO^esiic 
peptides of the present invention are useful as screening arid diagHOStic agents, l^m^ the 
immunogenic peptides of the present invention, together with modesir techniqaes of gene or 
anti body screening, make i t possible to screen patients fer the presence of genes encoding so ch 
peptides or protems iro^^ cells obtained by biopsy of tnmors detected in such paiiexits. llie 
resofts of srjcb screebing n^ay help d^etmiite t|^^^ efficacy of prpcoedmg with the regimen of 
tr^atni^nt di^el0^'e<| hi^j-^m iisiog the iiimiunogems ctf the pres^tnt invention to target aiid 
ellt^inate ^noer ceils, prefeiraNy cancer Mem colls. 

Altemativeiy, the Imm taiogenic peptides disclosed Herein^ as weO as functional I v 
similar bomologs thereoi^ may be used to screen a sample for the presence of CTf^ thai 
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spe^ifeaily i^popTiis^e the <^TTesfKm T3>e lyrRphocyies to be sfcs^ei^nc^ assaty 

vvili nomTaliy Be obtained from the peripheral blood, but Ix^mpl^ocyies cast be oMmnad fe>m 
dth^r sources mcl^irsig lymph i^o<l^;$, stplqen^ tumors^^ 

Tte |?eptM^ of thp ptmmx mvm\tmn may thari b^s i^sed M ^ di^^i^sMlc tool to evjiimii^ 
$ tte^ffieaijy of the imm^iipths^peiitic trestm disclossed bej^in> Thust, the in vlii^ get^e^tio^ 
af CTL as <jl^?J€:£il>ed ijsed to dat^^miae If patients mre Mk^dy to i^sp^i4 t<^^ 

peptide m vivo. SfeilMiy^ the ij« vstto ^^>eratioj[i of CTL ^oijM aet^om^ with samples 
0f lyjiipht^eyles ofetamed from the imtient belbre aller tr^s^^tmisot wiito tbe pepttde?i. 
Successful ge:nemtion of CTL in vivo should then be reeogoized by a eorrespondi^gly «?asier 
10 abihty to generate pe|>tide-spei^ific CTL in vitro 0x>m lymphoeytes obtained lx>Howitig 
tre^tBient in compad^oB to those obtaisied belfer^ treatmet:it. Thg? oligopeptides of ^ iwventioii 
caii also be iJsed to prepare ol^ss I MBC ietmmers wliieh cs^s^ be used in eotx|iJ5fietEoa with flow 
cytojnetry to <|uai5titi3te the: freqaepey of peptide-speel^e CTI^ tbat ate preseiit ih a s^mjpie of 
lymphoeyies from aB indiysd^aL 

IS Bpeeifically, lor mample, clas^^ I MHO moleciiles an^ a^^soeiat^d peptides wooid be 

eombh^ed to ibnn tetramer;? as exemplifsed in O.S. Fatent S,635>363 . Said tetramers would find 
ose in menitoriBtg; tlie freqiie^^cy of CTLs sp^cifis^ Ibr the peptide or peptides m the periplieral 
blood, lymph j^odes, or tuiBor sHas^i of an individiial tuidergpii^g immuBOtherapy with the 
peptides^ oligppeptM^% palyp<^s<tes^ or poly^<?teoiide^ of the inveiiition, asid it would be 

20 expeeted that s^ieoes^sful iiBimsnfeajioii y^^oald lead to m immm^ m freqiies^^^y of the 
pt^tide-speeS fic CTi^. 

As stated above^ a vaeeioe io accordB^^ce with the present iaveotio^i may include ooe or 
more of the heremabow deseHbed polypeptide's or s^etive fragoienis thereof, or a mixtot^^ 
eompoHifian, or pool^ of iHimunogeme peptMes, oligopeptides or polypeptides disclosed tserein. 
25 When employing more thap <m^ pofypi^pUd^ dr a£;tiy« h^^itehti. two or tnor^ polypeptides 
aiKi/or active fragments may he i^sed as a physieal mixture or as a fhsk>n of two or more 
palypeptid^s or aeliye fi-a^n^itis: The fusion f^gmeMxir fesioh polype;ptide STiay he p^ 
for exmnpl% reepirthiisant teehnl^ues or by the tis^ of apprpi^n^ie lirikets for feslhg 
previoasly prepared p€>lypeptldes or active frajgm^nts. 
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Tli«5 mi0iiiti0^eiiic moleiOuliss of the myentkmj including vacefee com|K>sitioiis> may b€ 
atsii:£e<i ^ccordmg to tJ^^ pi^^mt iTrv^otion for purpos^js of pr^^venimg^ s^uppressi^g or tmatrng 
disea&es <satising the expression of the immunogenic peptides <iisoiosed heroin, siscli as wb«?re 
Oie a^itigieii is beiog. ti^pmssed by tumor cells and in p<kvt\oulm by cmicer stem cells. As med m 
5 aecDrdance witk the present invoiition, the term ^'preve^^tson** relaCes to a proo^ess of prophvlaxis 
m whiel> an aoiTnal^ especially a iTvammaL ati^d most ospocially a human, is t^Kposod to m 
intitmsOTgm of the ps'eset^t mveiition pncrt to the induction or ons^ of the clisoaso procoss< Thi^s 
could doj^e who?^ indi^^iciu^ l>as a ^xeC^c pedigti^a i^stdicaiing a p!^is;|K>sitjo?s tdwaiti 
otteaixes^ce of th^ dises^o oondition k> be preyesit*^! For 'g;xamples Ihis niiglit tme of 
1 0 i?idi vidual whose aj^cestoi^ sko^v b prodispositifejii inward certain t^^-pes of cancer. 

Altematlveiy^ tho Immuiiogm eould be admimsterod to the genoral population as is 
frequently done for inlootioijs diseases, Aiteniativ the term "si^pprossiou" is ofteu used to 
deaeTil>^ a eoTjdidon wb^rein the disease process has alraady begua biit ob\4oi^.s syTsiptonis of 
said conditifm hav^ yM to be roaM^ed. Thusf:* the collie of rni individual 3tia>^ fjave become 
I S caoc^rous but tto outside of the di^^aso ha^^^: y^i beon cbni^^il y r^cogpiv^.^ . In either cas^j, 
the term prophyla^xls cai^ jbs appliod to €ineo3iipa^i^ both preyej^ti0n aisd supprossioii;. 
Cemei-^ely^ tke tertn **troatoom" is often ut|li^:e;d to meaa the ciuricai appMoatioB of agents to 
combat ant aUt^ady o^iiMjng condition vs^bo^e elimeal pres^h^tipn te^ af re^y been r^^ilizc^d mm 
patiept. 

20 TMs would oecur wlioro an ludividpal has alr^jady beoB diajptoB^d aj§ bavmg a tumor. It 

Is uodorslood ft^at the suitabls? dosage of immmogen of th^s^ prs?s<jm m ventior^ will d<5pmd 
upon the a^e> sex^ healthy ajid vveig;bt of the rceiplon the kin<i of <x>hcur?ent trcatmont> if <uiy^ 
the freqomcy of treatment, and the nature of the effect desired, iloweven the most profered 
dosage cao be tailored to the individual subject as determined by the researeher 0r eiinieiau. 

25 The total dose required for any ^ven treatiueot will eomniouly be detemiioed with respect to a 
standard reference dose as set by a manulactorer, such as is eotnmonly dooe x^nh vaccines^ 
sueh dose being aduaioistered either io a single treaime^^t or m a series of doses, the success of 
wbich will depeml Oil the production of a desired biimunological result snce^ssiM 
prodiietipn of a CTL- mediated t^ponse to the antigeii^ whieh re^|>pn^e ^ives ris?^ tp the 

SO provention and/or treatt^ent dostrod)> Xhus^ jiho overall mlminist^ation sch«?dule must be 
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considered in detem>|rimg the stioeesa of a course of txeate and m>t w^lielher a singte do^% 
gxvmji in isolation^ would or w^^uM not immiinoloBf^^J^y therapeutic t^sult 

or effect 

Tte ttiet^peuticall^ effeali\?e jmtourit of a c^imi^osHlot^ co3t>taining dine £>r moi^e of the 
5 m^mt$noge?ss of tfeis |itventi<ki Is m 'Mtomit MrMcmni to mdixk^ jiu pW^^ response to 

the tmmwnogeB and to cum or arrest diseaise |m> Tkus. this dose will depe^itd^ a?smrig 

other thiiiL^^ on the Meplity of fe: l??$?3nEiiji^oge£itjg i^c^d^ the nature of the disease oonditioti^ tlie 
severity of tlie dise^^se condition^ the extent of aBV ileod to pt^vejit such a conditiopi>;v^hei^ It li^s 
not already been delected, the manBor of admiolstration dictated l>y the situation roqolrjBg sijch 

10 adsBioist ration^ the weight m\d M^t^ or h^Mth <yt the individ^ mM>h admmjMrmiom 

and the sound jod^m ent of the elinioiai^ or re^earcher> Ttos^ tor purposes of propliy lactic o^^ 
therapeutic Mmii:iistr<3tiion, effeetrve amoonts woold ^lemll^ li^ witHiii the rmg^ of Irom 1.0 
^f/ fe aboat 5#00 ug of peptlde foi- M TCi^ tblloiwed by boosting idosstges of frostt al>Oiit 

L0 to aboei 1-,OO0 tig of peptiile pummat to a Isoostmg seglmein over day^,. we^sk^ w evesi 

1 5 months* de^>et^ding i>i:^ ilm t^cipioot*^ i:iJS|pm€5 and as riacessitat^d; by s\ifeseq tient man?toiii>^ of 
CTL-ms^iatmi ^cts withiii the bloodstream. Of course* j^ueh dos^agi^s are to be coslsidered 
onl^ a ^neral gijide aad, in a giveo ^Itt^ation^ may greatly exceed sucl> su^^sted dosage 
mgimgjti^s where the clioieimt bell wes t^ the i^ipient-s co?>ditiof5 waxrat^ts sm>re aggressive 
s^dmmisifMtiorE scbi?diile> 

20 Meedle^s to say. tlie efficacy of adiBitsii^tei'iag additioiial doses^ J3iid of hl^reasir^g or 

decreasiftg tlie it^tervil, may be r^-evaluated ohl a co?jtiiiximg feas^^ in view of th^ reeipioitt% 
immutH>C0mpclene« (for ex dimples tbe iewl of CTL aolivity with resspect to tumor'as^sociated or 
tmnor-specific antii^os). 

For such porpoj^eSs the immtmogeme eomi>ositiom according to the present iiwesition 
25 tsiay be iyi$ed against b diieai^^ conditios): ^uoh a^t cancisr h^v admitnstrailon to mr inMvMuB^ hy a 
variety of i^iftes. The composfitioti may h^ admrnissiter^d parenterally m orally?, m^^^ if 
parentera!ly> either sysi^nr^cally or tc^icallyx Pax^nteml rootes ioclodie sobootaoeoas^, 
ii?t;rave*s0iss^ mtsmle^rmaU sntrainii^iJlars ibtr^pm^mxml,. Jntmnmal^ traitsdermal^ or boecal 
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T50Mt^> One or more s^iiieh t<>iite^ rmy be employed. Farofiteral ^mmistration can be^ Jfor 
exampfe,, by bolus iry^ttiim or fey gradual p^r&sioji over tftne; 

Oerierailys v^c^in^ss ^r<£? prepaid as ihlectabte^^* m the fbrm of aqoecnjEs ^otoic^ns or 
giLsp&nsiom. Vacemes i n an oil base are ail so w<^U fendwn s^aislt as ibr mhaling. S0IM fomis 
5 Which aro dissolvs^d oir ^^p^eti4«d pnxyt £0 t^s^e m^y ^iko be it^romlated. I^barmace^tical carri^^^^ 
ililueirjts ai^<l excipieots are ^nemlly added that ^re ^^ompMiMe ^itb 1ly? ^etive ingre<^ 
accq^tgible for pharmaceutioa! use:. Examjples of ^bc3i earners inclacle^ but are not Hmit€J<l to^ 
water^ salmo $oliitlom, dextrose^ or glycerol. Combinations of ea^rrier?^ rnay also be u^ed. lliese 
conipositiom oiay be sterilised by ooi^ventior^aL well knowi^ sterilis^ation teehniqiies iBCliidiiig 
10 sterile :^1tration. The resiiitii^g eolations tnay be packaged f^?r use a^; is, or the aqt^eoiis solotioi??? 
may be lyophilized, the ly(>phlHz^ed preparation beirxg combined witli sterile water betbre 
ad mii^istration . 

Vaecit^e eomposit^OT^s ftjjther meorporate Mdltlonal sub^vtances to st^bsli ot 
to f\33>cyo?i as adju^aiitjs, we^^tj^ agents, or emulsilym^ t^^e 
1 5 efSective^^s of tbe 

Th^ conoeittmlion of the GTL stiiimlatory peptid^^^ of tbe ihveittio^i pham^aeeulieal 
fom^^lations Boq^ssm-y t^D ^slicit ^ tumor te|eetioa> response ^re ^^bfect to wide yariaHon^ 
ijietudmg anywhere from les^s tban 0>dl% by weight to muclx as 50% or more, FTCtoi^s ^tseb 
gis voJome arsd viseosity oCtbe resultiag^^e sm^st alsso be considered. The solveots, or 

20 Mlxmm% lised lfe<r s^uch composidom inelode wate possibly FBS <pbosphj3^te b^^^^re^:! sali^ 
or aaliae itsellv or other possible earners or exoipieBts. 

Thg? immMoogeas of the present iiive^iitloii nmy also be corxtained ir^ artffieially created 
delivery vebMes such as Mpoi^DToiJSa^ Imrs^imbstiriiulatii^^ GoiTipl^ slow-rel^aisiHg 
j>artScle^5 and other Ve^iciles that Jper^^e tls^ immunoge^^iclly and/or balf^ life of tbe pepttcles 
25 or polypeptides ifi seromv lipoj^omes include emnl^sioTis,. fbams, micelles, iBSoMble 
moriol avers, liqiud crystalss phospholipid dispersions^ la^Tiellar lays^rs and tbe like. Liposomes 
fer um m the iaveotion are xormed from standard vesicle^ ferming lipids which generally 
Inelxjde neutral aad negaiively charged phosplio lipids and a sterol^ such as choJesieroL The 
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selectiot^ 0f lipids is generally d by cos^^Mier^tiom siseh !i|x>5sdme at)^^ *§t^bilKv 

in tbe Mood. A variety of mettods^ ]s a^'aOable for preparing I ipojsom^s a?^ re for 
CK^ampIe, b^^ {Cellgan, J. B. et al. Current Frott>cols in Fmt<3in Seience, 1999, John Wil^jy 
* Sons, Mc, Hew Ywk) aad see also FaL Km. 4,a353?U 4301.7^^. %g37,a2B, mtcJ 

Beiivery vehicles contais^kxg ite peptides csr palyj^eptid^s of the inventjotj cmt be 
direaed k> tte ^ite of lynipboM ee^k ^here the yehia^ deliy^t tte s^^iet^^^i itmrnmom^ 
4lte<jtly to a^-jtl^ea pr^^sntij^g eellss. Targj^ting can ii> some cas^e^v be ^KAig^ved fey incarpomit^g 
addilfenM moleciiles sueli a^. protems csr polysa^^chan of said 

10 stroctees, tb^s resulting i?i the delivery of tbe stmetBtes to parti ciUar areas of the body, or to 
particular eells witkin a ^ivm organ or tissue, Sueh tai^etlng i-oolecotes B5£iy melude a 
moieciile tisat Mn<ls to receptor oxi aiitigen preseiitina ^^^^s. 1=^r example an aBtibo^dy that bmds 
to CDSO could B^ed to dit^t Mp<^omes $q <len4ntic calls; 

me immtiqogem of th^ pri>mm invention may als^o be mimimsterssd solM 
15 compositions?, Coiwe^tionai ri^>r^to?tie solid earners iiicludins pimrrnaoeotioa! grades of 
maEmitol, laeto&e, slaro^i, magnesium, oeMo^oae, gincose, suoros:e, sodiiJm sacobano, aad the 
like. Soch soiy compositions will oEen be admlnistei^ci orallvv whereby a phammeeatically 
aeeeptal>leaionto>£ie composition ia formed by ioeorporatmg the peptides and polypeplides of 
^he mventiojt with mty of the carsdbirs list^ abo^e. O^^lly, sueh eompo^itioJls will <^ntmn 
20 1C> - active M^^djent, a^iid more |3freferably 25 - 75% active ingmdiej^t* Aems^l 

?Kimlmstr3^ion is dse^ am Mteiisatives, r^uirin^ only thai tl>e femM?50ge$>s be |^ 
within the aerosol pro|>ellam< Typic^ pereentages of the peptides or poiypeptides of the 
ii>yeation are 0.<>l % - 20^ % w^gl% iM ot^rahly 1 *^ - 10%. The use of a sorractaot to propeay 
disperse the immnnogen may be reqaimd, Reps-esentall^e s;urfaetants iaclnde the esters of 
2S pattiai esters of l^tty acids comaioing from 6 to 22 carbosv atoms, sudi as eaproic, oetanoie^ 
laurio, palmitic, stearic, iinoleic, Imolem^, olesteria and oleic acids with an aliphatic polyhydHc 
aieohoi or its eyelie auhydnde. 

Mixed esters. <such admixed orr^mmm ^c^nm mm m ^m>^^ 
eonstitme 0,1 * 20 % by wssighi of itse ec^positlos^, pmffef^M^ 0.25 ^ 1 ypfeal propelMnts 
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fm ^uch adntiiiistmtiOTi may include esters isnd $imik^r elieit^icals tot^m^ limited to 

fese. A c^ii^^^rv lec^thM feiiilraBas^ <ieli v^y. may also be inclixded. 

Thss pssptiiles and polypeptides of the InveMion may also be del^v^r^ aaii adju vant, 
iyijixv^^ts mcl^e^ ti^t ^re il^t Hmited to complete or i0€:csmpl^te Fi^uie^ Mdi^tamde 
5 1SA*SI, aliimMum piltosphaie, akimmiim hydr^xida^ al^m, <m€i sap<mii5> Adjm^ant ^fleets can 
alsi^ be obtajii:*^ bjf* Injecting ^ variety of e>takmes ^Icutg with tli€? imxtji^iogens of the 
ijTveMloii. Tl5^e cj^kines inetede^ fe^j^ arenot limited ta IL-I^ IL-7>JL-I2, CSM"^^^^^^^ 

Tlie peptides Mnd polypeptides of the invention can also be added to professiot^al 
aat^n^^ pr^s^mtmg c0l Is siici^ as d<5nd^ ^^ells that have beei^ prepared ex vivo. For example^ 

10 tfee dend;ntic pells eoald be prepared im cell^ ftx>m tbe bosie marrow^ or 

tli^ey coald be prepared tVo CD14 p^Q^itK^e monocytes ohtaiBed firom the penpliejtal blood, Tb^ 
deiKlsitic c<4ls are goocrated \4vo usin^ c^tcikines such as OM-CSFj; li>~ 3, TNfe^ and 

SCF. The cutltui'ed PC are then |3iJ1s^d X¥i jpNepttides at variolas ^sortc^mtMidn^^^ stamiami 
methods that a?e w^H known m art The paptide-pMlsed d^nddtie cells can tlieit be 

15 adorioistemd ietrave;noijsl\^/SBb or ijEitrad:erTmllys. arid the lmmujE>i;^atjoxi may al^o 

inelude cytokit^es sooli 11^-2 or 11^-12. 

Tlw pt^^nt iiW^ixtxon m alsc* db^cted to a Va<3cine m wliicii ai^ imsHimogeiii of the 
pi^sent i^ventim m iieMvet&d or admrntstered in tli^ ^orm of a pol^i^^cleotide eit^dmg a 
|K>l>'peptkie c>r aeiiye fragniet^t as disclosed faeremv whereby^ tbe peptide or |?olypeptKJe or 
20 a<?tiv^ ^a^iaeot is ps^disced in vivo, ilio polynucleotide Biay be inci^^ded in a smtabte 
e?cpressi<m v^or axid cornbiaed with a pham>ac^tiealiy aecj<5ptab1e earrier. 

Bpr ^x:am|>)e^ the peptides or pol>^eptideSE ei>uM !>e e>^prei^sed ht pMmnid ON A aatd 
nonrcplica^ve viral wctot^ such as vaccbiia^ ibwlpox^ \^eTiezuelan eq^^me ericephaHti^ vsms^ 
adesiovirits, or other RNA or ONA vtrtises, ^Fheso examples are meai^t to be rlhistmtiv^^ mily 
25 arid should not be viewed as self^limituig. A variety of other vectors is avmlable and apparent 
to tbos^e skilled m the art from th*^ description given bereio. In iMs approaeh, a portlori of 
Tvueleotide se^^iiencc ef tlm vimi vector is cjigineered to express the peptides or polyp5?ptide?$ of 
the ipves^tioo. Vaeeioia vectors ai^d niethods u^etui iii hnrnunl^eatlon protocols are deseobed io 
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U.Sx Patent ISIo. 4-,722^i4S, the disclosu^ of which is fecoti^orate^ by refer em?^ in sts 

Regardless of tte natiirs? of Ih^ c<mij)<>siiioB g^ivejij additional tbemj^euttc agems 3^ia>r 
ateo a^c0T^s?vv tli^ immonog^ns of t^^ ps^ssent iB.vmti<>ti. Thm^ for i>WiK>ses of treatmg 
5 tymoi^j compo^ilfons contamirig Ihe immuiitogjeii;:^ disclosed h^inein msty^ in ^dditioj^^ coMaiii 
other aiititmTi<>r pharmaceuticals sucfe as sjBall nialecuk^ tfeettiEpey or monoclonal antiboclies. 
Tl^e of compo^tsom with miiliipie a<?tiy^ ingredients Is Mft fco th^ <|iscrg^t|0ii of th^ 

In axMitionj cariam Jmmtmogens of ihe pj^eni invamios?^ c^^i l>e iisad to stimulata th^ 
1 0 pM<li|i<^iarK cjf antibodies for tise ii^ p^si ve imm undtli€rap>v lor use as di agnosd c reagonts, ai^d 
Ibr us^ as reagei^ts ij^ o&er pmc^sses such as afBoity cbtt>mM6gt^p^^ 

The preseM iiivmtlon also relates to antibodies titat react witli lmmtJnogens>. sueh as a 
polypeptide that coB5p?ises withio it Oiie or more stretches comprismg the se^iiuenee of 
MH&as5^oeiated peptide or oMgopepiide, Aolive fra^mefits of suc^h a^iti bodies are Mso 
IS spmoMctiUy iJpMemplated. Siueb aatibodii;^, 0id aelive #agmehts of s\K^b ^ntib04t0Si^ 

exam^a, and Fafe sto^tursi, m^rt^^<^ With, incJudmg wberer it is jiighl^ ^^eleeli^e speqllio 
ioir^ smmunogeme sti^ictui^^x^^^ two^i tkra^^ im^r of moie o opitopie peptkles of 

the im^rifiOB. or polypeptides of Thus> tlite preset mvemion ala^o rigjlat^s to 

process of lising antibodies to elicit an immune respoifase^ ijieluding the pmdpetipn of prote€:tive 
Esttifeodies^ fbliowiilg admimstration of imoiunog^ns of the inventiori to an immoi^ocompetmt 
animal (i an animal whose immune system has not been compromised, either nMiirallv <w 
e^?pmr?ientaOy^ so as to tvoI exhil>it such a j-e^etlo^^^ sueh as a knock-oiit ao^imai or the like). 

With tibte advent of meilKKl^ of biology ajrid r^copil^in^ t«soht>^>log^-, it ixo^ 

possible to pt-oduce atstibody mpleetilcs by recombinaiit means and tb=e?e%y geiiierale geite 
2S seqoeq^oes t hat code for speeifi e amioo acid seq uenees ^^ii d in the pol^spiiid:e strviO^ of the 
antihodies. Such antibodies caji be prodoced by either clooiHg the gene se<^uenees encoding the 
polypeptide chains of said antibodies or by direct sy^olhesi^ of said polypeptide chains^ with in 
vittx> assembly of the synthesissed cbairis to ibrm active tetramede (B2L2) structures with 
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affinity ibr s^pe^lSc t^pitopies jiod antigesiHt delerfiimmts* Tliis ha^ penmtt^d the ready 
different is j^^ci^e^ and 

Tte antibodies discfosad a^op^ang to tlie inv^s^tidn m:ay also be wholl^^ syniheti<<^-^ 
S whej^m the pol^n^ptide ehaim of the? aBtibodie^ synlli^ssig mid, po^siMy^ eptimisi^ed iisr 
Mfidisig to the polyj?eptkies d^selossd herem as belt^g reo^p£ors> Such atitifeodies may be 
ehimmc m %ntkmnmi^4 totlbodi^s aiid inmy be fully t^tram^^rie iri ^imcti^* or Wa;y be ditrieric 
mid comimse a singl^^^ and- a sirigle Hght chairj. Such aritibodles may also ItseM^ 

fegm^snts, sueh as Fab ^od F(ab2)' Ixagm^nls^ c^^pable of macting with aad biiiding to any of 
10 the polypeptides dlselosed herein as bem^ re^^eptors. The inveolioo also contemplates the use of 
v^ry small ajjtibod^es, sueh as ''narsobodi^s' that are oapahle of spec iSoally binding to ^Btis^mo 
targets:. 

Eogarxtle^s of the s^^urces of tiie aaitibodi^^ or how they ar^ pmdos^d* vitro or In vivo, 
lismg tmrisgemc anlmal$, sucls aa dow^, ^oat^ ak?d^ or Hsh^g cell cpter^ or tssing dir€<vt 

i s obomlcal aynibesis employing no living orgamsms at any stag^ of the procesSj. all antibodies 
have a similar overall three- dimeasional structum This structure i?^ often given as H2L2 and 
refers to the feet that aoo bodies eoromooly CDmpnse two light (L) amiao acid chains aji4 two 
heavy (H) amino acid ehaim. Both chaises have regjoiis capable of mteraeting wilh a 
struetumify campl^m^tasi^ anti^Mo tar^ The reg|on0 ii^t^^ctitiig with the M^^t are reB^rred 

20 to as ^vati^bl^^ or "V" regions asid am characterised by dif^ei^^ aminp a<sid s^^ii^^is^e 
fom antibodies ^^FdlSfer^nt antigenic apeeifi city, llie variable r^^iona of eith<Jr H <>r obalnjs 
eootam th^ asnhso acid .^eiC|ue£K;^ capable of spectfically bindmg to atitigi^mc targets. Withlti 
these sequences are smaller se^:|isenc^s dubbed "bypervadable" becatise of their extreme 
variability bet wee?^ antibodies of differing sp^^cliicity. Such hypervariable t^gior^s are also 

25 referred to as "eompiementanly detenniniog regions" or -'CDR" regions. These COR regions 
aeeoom for the basic specificity of the aiMt^^ h>r a pa jtiealar aiitigenic detcrtmnaat straeiiJre. 

It^ Sill mamaT^ahaB %eeies, antibody polyijeptidgsa coht^irs oot^stant (hie;, higBly 
conserved) Bnd vati^bfe r^om, and^ witMn the latter, tMre are the CDRs asid tb# ap-called 
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"framework regiom- made up of amino ^cid sequien^^es witlidB tte vmsfeie h<5av5^ 
or liglit chain foM outside d^e CDRs, 

A fuitbet embcfdieient of t1i« im^^sntios> i^iate^ ix.> si method iindiJ€;ii^^ a CTL 

5 amount) of m isnmunogen c^f the inx^enilori fliat do^ss not ^^ompHs^ the e^tlt^ i^mt^ri es^xpressmg 
the epiiopic j>eptides ^bclosed het^m {i>e ons that eom|>risfcs less tliao the entire s:<*u?iee 
pTote^ia is a naturally oc^Uinnj^ ^oly^ptlde) iri an aiiib^rit siiffiqjmt to indi3<>e 

a CIX respo^^s; to tum<>r oel!% more specifically a^m^ cassoer st^em eelfe^ thereby ^l<?|tfeg a 
eellular ri^ixmsse a^ins^ mid tumor calls. 

10 A stMl fwtlter ambodtment of'tke pi^ses^t iimjfitiorj relates to a to^thod fer indwing a 

CTL res|K^ns«; m a subiee^v xs^l^ei^te dte immw in tlte fertn poi^iteicleotlde. M 

not^-iimitiitg example^ the inetltod oooiprises adtTimisterlng to siibj^ets at least otie Cl^L 
epitope>, wherem saki aptope or e|>it0pes am s:ei^ted Jrom a groiip eontpmmg^ th^ peptides 
discldSfM according to the fevehtjoaj and are coded within a polyntscJeoticle s^ues^ice thM dom 

I $ not compsi the erstire proiei^^ coding region, io a?5 ssiw^t ^ufKciei^t m iadtice a CTL res|Mmse 
to tiimor cells, more specifically in cancer sts^m C]i£?Os> 

CSC may be isolat!^ jfe i^imary tmnor tisstses, pleural el&sic^ M, S . 

Wjcha^ A. B«pito«H^mapd^;?5^ S. J. MoipFison^ ^pd F. Clarke. Proc Natl AcM Sci O S A 
100:S9B32 (20D^,)> ar irom establi^hea breast cans^er cell lines, such as MOA 23L 

So and MCF7 (FoMi^ D., A. Costa, M. Zallam0i Fratesi. G. Fetmnii0llBi^ l>. Coradim> 3. 
Filotti, M> A> Ficrotti, and M< Daldone. Cancer Res 6S;55063 pCM)S.)). Isolated CSC are 
characterized by flow cytometry ^ n^^ markcris a|>propdate for each tumor type atid 

toowa to those skilled isi the art. The ceils may be CJXpanded in vitro or m SCID mice for MMC 
peptide aj>aly$is> 00344- stem cell populMloiis can be obtain-ed iroirs OSF-mdbiliEed healtl^y 

25 h^m^H penplteral Woods cord felood or other sBch so^im^is^ ekpand^d if n^cssary with 
e>^okme<s to obtain l(f ceils osing proc^edures knowi^ to thoiae skilled in the mi. Cell 
po|m!adons can c<>mpri^^^^^ HLA t>^e. 
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a nonUxmtixyg exa?np% hiimaii breast c^itcer patieat mallgjiant effosiom may be 
obmint^d by ^pbj^jctlng the tloid to ficol separation to r^mov^ <ie^ds arid ted blood oell 
contamniation. Typical yields of cells range iroin 200 mil lion to 2 trill ion cells p^jr lit^^r of 
fluid. For mmor cell Imes^ the cells are ci^lturcd in RFMI 1640 rnedium siipplc^monted with 
5 10% PCS, pest -^itrep-glutamirie, or other suitable medsa. Antibody-labeled colls may be isolat^sd 
by FACS sorting or aMematively by osiBg at^tibody-coate<i iBag^etic beads. iRlow cytoitetrie 
stainiog for b tursKsr ^em ^pH phenoty^pic ^riBlyms is vtm4 to identify Bnea^ iK^gativ^ 
CCDS, 3aO,t^,IE-Sl,45, 64440b)^ e::044>^-FITC febel<jd aMibody/C024lo FerGF laba^d 
kritibody frojn hiiman breasi cassesr p^ti^nt p^^eii^^l sf&siorss. For breast tiimor ceil line% 

10 malyi^s <loes riot ^€|tMr^ the extensive aatt^y of fmeage negative Tr^a;#:er^ tb^re is no 

Mood 06il coniamisialion of these sait^ples and Sirn|>!y using CD24^/lo fe suffiojeM. 

The first step m c^fl! sorting of CSC populations froiri malignant ef&sions is to use aiitibodses 
to deplete the lineage markers (C:D2, 3 , I O J J S,3 i ^ 45, 64J 4C)b), to greatly reduce the nomber 
of non-€SC cells and thexehy reduce the eell sorting tirne^ TM^ Is followed by sorting of the 

15 cells based niaiken^; for Cp44f /<DP24!o, Sorted cells may then be cultnred in vitro or 
alternatively issed for in vivo e?cpe?ieK?nts by implm^^ation ijito SGIi3 niloe. 

positive c;ell0 are purit^^^ from <3SF rnobiliEed F8L or cord blood osiog anti- 
OI>S4 antibody coated magnetio beads to obtaro pimlied CDS4 1 cells and then cell sorted to 
obtain tbe CDo Bneg Iraclion. In vitro expansion is performed using eslablisbed methods {Lam, 
20 A/C , Li, X. B. Zkang, K:. Li, T. F. Fok, A, M; Cbana A. Jaxnes, IC. S. Tsang, and F; 
M. Ynen. Traasfosion 41:1567 (2001); Li, K., C, Li, K: Cbnen, Tsang^ T. Fok, 

A, Bv i^ms, S, Lee^ M. M. Shtng, K. W. Obsk^ aild M. Yu^in., Bor J Baematol 74:128 
(2005)). 

25 Bxi>anssori <l 0^ ■ 10^) i^ iii cell culture or in SCiU imec:^ ibr i?xarnple, 

(Ai-flaij ^mc MbH Ac^d Set 100:3983 (2003))> If oell liness are expanded tisins coll 

culture^ their tumongenicity rnay additionally be validated In vivo by implantation in SCI O 
trnce using methods known to tbose sklHed in the art. At the eod of the expansion period i\m 
percentage of cells retaining the canoer stom <sell pbenotype assessed, 
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MMC peptide i»>plex^s ate tsolated ceim ti^iag iiY^mwioam pimnmtkm. 

First, cell lysates are prepared Ixom by hom^^gernzMi^ iree^e/lkaw In tel^r C0mainmg 

L0% HF40; pmfeaMy sfe^t 1-5 x 10- ceils areoised. Tfe iysat<?s are cleared by ceiitTifl^g^tioii 
at 2000 Ti>m Ibr 30 minutes m remove the ^ell debds. MHC/pepide compfexes are isalaled by 
5 immunoaffinity cli?x>matog5:aphy ming W^>a2 Cmon^cloBal amiboay reco^iizing part M 

elaas I moleeiJle) antibody <^oaled protein A/G beads (UllTal ink lmnu>biH5secl Froteis A/G, 
Pieit^e, aockW. IL) or equi valeo?, 1<> isolate |>au MHC Class !/|3*sptide eompl^^^s, Fmtmh 
A/O hmds are washed with low pH buOet fcllowed by FBS rmsies> The beads ^re theti 
meubated with <>.?mg W632 aritifeody mom testj^emtur^ for 2 houra- I^eled beads are 

10 washed tteee times to remow imbomd <^itibodies. Tfee antibody-coateci ad<1ecl to the 

prepared c^H lysal^, ntixtiir^: is iiitciits^ted tisr tw<> lii^ijr^ sit roo-^fs tcnipet^trii"e witJi 

coatiri«c?us reekmg. The beads an^ sepmated itoni tltss lysate by eentnl\iging at 1000 xpm, fer S 
mmtates, 11ie t^covc^red lyjsate is mciibated 2 hoars al tx>a0> lemper^tiim witlt 

aiioilser set of prepared antibody coaled Ftx^tg^ln A/O beads. The bound MliC complexe^J are 

15 emted im^^ the beads by the addition of 0 J % Tn fcoroae^tle acid, (TF A), pH 13, 200^.11 of 
TFA, the beada are centri&ged, ai^d die 5 uperriataBt removed. This process is repe^sted three 
times tt> give a final vol^ime of 600^1^ Th^ elimte is then boiled 5 mirmt^s to denatiim tli^ 



FeptM^ msxtut^s are jswifsed to ellmmate my comiioxt^hts that mssty have 00^- 
speeitlcaily boumi to the antibodies dusihg^ tlie afbi^mentk>m^1 puntlcMiim at^^ Ft^a<^tio^>s are 
first lediiced to one half their vol u^bos usirj^ ^acmim cmbiftitm^ without heat, tboy are 
theri dihited to 100 microHters with S% methylamine in 50/50 isopropyl aieohol/wat^r. TMs 

25 Toixiaro is plaeed into a separate 0.1 inicix^n splrv iilt^r coolaining ap 1 0 mierogrf«iis 

of i?sotbioeyaaato glass (011 C) aad allowed to mcubate Ibr 45 mioiite at 45''C with gmtle 
shakmg. Ooly ebemieal moleoules contaiTdag prinm^^^ aodnes, siicb as the H-termmus of a 
peptidf^^ react and oovalenily bind to the DiTC-d^T^vi^fe^d gla^ AH iiltor imits then uiidergd 
emtrifogatiosi at 10,000 rpm ifor 2 minutes. Tbe filtrate vx>!ime contaitdB the imfeoisad 

10 iBaterial is discarded. 'rb« glass is wa^ s^Vac^l tiMes "wMi o%amc aad iodic buffers at 

neiitrai pH; tbe wash solution is filtered and disacardea. Finaliy, the pejptldes aro M frpfB 
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tlie 0ITC glass fey Ih^ additi^ miomlit:^ of 11^ with mc^teititg: j&>r 10 mimitejJ ^ 

45*^0 with gentle shakmg. The filter fcsf*it jj» then 10^000 ipm for 2 mmule^ t<> separs^te 

the peptides the DITC: gkiss, tJ^e fsUrMes, c^iitainlng th |3qptid<ss. am eollectad md s*we<i. 

5 The pxiHf^ed peptide mixture 6rst uiidergoes si^e excliisioB chmmatograpBy (SEC) in 

onler to sepa^rate anv pretei^s ipom the peptides. SBC is pe^rfbrmed oil A B I 1 40B LG system 
flowing at 2 5C)ui/mio ij^ isoa^ wiib an ABI 78SA detector monitotiog at 2J4nm. 

A Zmi>m. CiF^2Si} 4 MK25Bmm (^^lent^ Falo Ailo^ CA) mi^ with a mobijle phase 

coiisistmg of aeetie acjd (-^pH 3,5) t lO$i aeetonitrile. l%e peptid^s-^eoi^lamfeg ii^ 

IC) <?0lleete<i iiom 14 miout^s 18 mimites as deteo^^med by a calibration mix iiijei^tion* The 
p^|>tid€^^e<?tifamin^ ft^ then ijml^rgoes a fe$t ^imes^sion im<^iepMi6n via HFl^ A J mm x 
^SOtrim FLRF-S lOOA^ Polyjner <^0lpmB is tb^sii used with A;0i l4DB JLC system flowing at 
SOisl/min m gmdIeFst mede with mt ABI UV detector Tooiiitonng at 2l4iim> Seiv>^ A fe 

2% ACM in B2O -^ 0.1% TFA end solvent B is 80^^^ AC N in H2O 0.09% TFA miiig a 

15 ^adient of 2% B to 60% B in 60 minutes, FTB^tiops are collected at one-minote intervals and 
further proee^sed for mass spectKJmet^y analysis, 

F^tidest are seque^iM^^ed by the te#^i<j?^e of ColiisI on Activate DissoeiatioB (CAO) 00 
an ion tmp mass s:pectj^meter ^*quipped^ ^^w^^^ oxi-^Hne microca|>illary HFLG aiid a mierospray 

20 io5>i5J8tion source. Baeh BFI>C Motion is loaded OM0 the tmet^^e^illary HFIJS eolumo^ 
fractionated^ ^ini eiMed diiecdy into the eleetTO Th^ himmQ^pillmy^ 

eotomn C^^utn X 1 0pmm) is paeked with C-lS sepa rati 051 rejoin. Solvmt A is 2% ACH in H3O 
! % aeetie aeid and solvent B is 80% ACM in H^iC) i% aeetie aeids nsin^ a gradient of 2% B 
to 60% B in 240 minutes at a Oow rato ef 2O0nl/min aehieved via sphtting Oc^w ifeni a Eldex 

2§ micro pumping system (Eldest, I^apa, CA). The mass speetro meter is 000 iiigured sucb that a 
fiJil liiass scan t^|>ectra) is acq ui red aboiil every 10 ^e^H'>mlsx From th^ sp^tra, the eomp*^t^?r 
seleet^ th^ S rnost al?midant peaks ^n4 performs a CAD scats ^ch of tile 5 pe:aks> Over the 
course of 4 Hn^its^ ibr a single HFLC Ira«?tipt5s approximat^y 1400 i^^ searss 7000 CA0 
scajis are acquirM. 
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©A^D spectm are seat^hed sgainst databases ijxm^ Hc^arcte |>rQ^am software m oi^er io 
mt^pjreithe data derive seq^epe^s. Tfee reduced speet?^ be^ s^^c}ie<J 

ag^iiwt ^ ?iO¥j*re<iui^4ant kymari genomic dafafease using SeQuest; Mascot mid Scal&!d 
software. Results are retiimed as a €Oft^lde^lce scorgj^ which is thei^ Be manually verified > CAD 
S mass spectra are used to search various geuoo^ic databases to find potendaJ seciuejices for the 
candidate peptides and to identify the protein erigm of tlmse peptMes, The search re^spjts ar© 
assembled as a datasel for compiioson stiidies. 

WMl^ the e?t|^^pl^s below #r# |>rovisfei| to ill\istr^e tiite It is^ to be uiKlerstood 

that tl\ese methods and examples m no way limit thx^ ijwentiou to the embo^ described 
10 hereiu a^d that otlier embodiments and uses will no duuht suggest themselves to tbose skilled 
in the art. All puhBeatiotxs^ patents^ and patent appHcadons cited herem are hereby mcor|>orated 
by refeence, as are the relfercnces eded therein. It ts also to be undeirstood that throughout this 
diselosure where the singular is used, the plural may be mf erred and vice versa arid use of 
either is not to l^e eoiisklered •Umitrng:, 

15 l^isample 1 



(liI.A-A2, a mammary ^and ductal eareiuoma eeli Urm 

estahhshed Irom a pleural effusion, was obtained Irom ATCC (Marxassas, VA> aud cultiired 
accordiug to the ATCC prqtocK>L T he e^O I me SK^V3.A2 is ats HX..A-A2.] translect^t of the 
20 pri^n^ ATCC {Manass^s^ ^A) ov^riin adesnoear^^M Imp SKOY3 X^I-=A-A3, BIS, IS, 
<3wS^ — ) ami was obtained \^om the D. Andeasots Cancer C^tst^^^^ A see<>od 

bvad an easite^r cell Hn^ OVCAR3 tHLA-A2^ 29 5B) was pmeured fe>ttj ATCC- Botlt eelil 
lines w^ eiU^ ac<H>rdmg to ^t^etl^Qds^ ir? Rait:>akmfe^% V. aL 20d3 IMexi^atioml 



All t^mot lines wei^ maintained m l^lPlCli 164® iETjedium i^ontammg 10% heat- 
imetiy^€<i FBS> 2 mM j^-gl ut^mine, 10 mM HEPES> p^emictllm Cl^O U/ml)--^trept0myem (50 
30 ixg^T^O spiiiti<m and i% sodiam p^uvate solution (aiS ftom Sigma^ 0t I^^^i^^j. MQ)^ TKe 



Celll^nes 



'Example 2 




SK:0V3,^2 ^oll line w^s cpr^tin^^^if:^!^ m^Entain<jnEi in 2S0|ig/ml <34I S <i;mitix>g^rs>, il^e cells 
wer!^3 harvested by tfeatment with 0.45% Irype^m and 0 32 mM BOTA> ws^shed two times In 
ph<>spliat<?-bufi?bred salii^c^ solution C|>H ?.4)^ arid stored as cell p€;lieis at>80'^ C. Ali^iiots of 6-8 
X 10^^ cells were solubilized S^^IO X 10^ cells/ml in 20 mM Tris, pB S O, 150 mM: NaC::^, 1% 
S CHAPS. lB-5 kxloaceiamidct,: 5 eprotosiin, 10 ug/ml I.eapeptiTi,. 10 pg/mi pep^tatin 

A, 5 3TiM EDTA, O.S't^^ sodium as?:?de. and 1?,4 j^ig/tT^ phenylmeihylsisl^ Ouoride for 1 fe. 

This and all snbsttcf ^mi steps wem i^^trifern^ed wiih ia^-'-cdld soliitioi^s at 4" C> I he lysate$ 
v^'ere tiie^ e^ntri&ged at .lOO^SdO X g> the^ disc^ml^d^ and the s^jperaatat>ts passed 

tfexsxig^i a 0.22 |.tm itlt€t> Th^ s^pi^mamnts^ tten passed over a iseries of coluimis with the 

10 fer^l co*itaimi:i^ Seplmrose, a?i4 the seeot^d caBtaiismg the HLA:-Al-S|?eci0c jtionoolcmaS 
aiitibody^ OAF^AI^ bcnind to a protem A-S^|>ba^se matrix j rhib siecond coh^mri was thm 
s<?q^entMly wasB^d with 20 eolumn volumes of 20 mM Tds^ pH S O. 150 mM MaCI, 20 
eoiit^mB voltimes of 20 mM Tns^ pB EXK l.O M Na.CI^ a^-jd 20 column volxanos of 20 mM Tris^ 
pH B,0. ll^e poptides w<?rg? eluted from the oolumo with S cohirrjB volomes of 10% acetic acid. 

15 The i soiaied HI.A -- A molecules were th^i^ boiled ibr 5 ono to &iih£jr disHociats:^ any bo and 
pg!|^fde feom the h^avy ehams.^ iho popiide^ wgfre th^i s^^^rated the oo-purifying olas3 I 
limvy ohain ajftd p3-micrOgl«>l>iiiiii by eeEitri&^tldn oa ^ Ultn^fee-^CL m^nb^rse with a 
nomirml molecular weight cut-olif^f 5^000 Daltons* {MilU|50T^> Bedfbrdj M^^,}. 

OV'CARS or SKQV3 q^llsf were |?repar^d t^^^ sam^e pKs^*^^ as just descr|l>ed 

20 e^eept that HLA-A^ tn^l^ol^is: wem pr^par^ ustog Bt.A-A2*s:p«oif| 

The peptide extraots wero fraciioiiaio*^ by RB-IIFLC (Rev^er^od Fhas^ -High 
25 FerfbpBaiico Liquid Chromatography) usias Applied Biosystems (ABI) miad^l 140B 
^ystetri. The extmcts were c<>iioem^^ed by vacuum aentrifugatim &^ ahmit 20 ml down to 
250 |ii an<i litf gsct^esd ihto eith^er a Browniee (J^orwalk^ Corm ) Cj^§ Aquapor^ eoiuiTin (2*1 mm K 
3 mn; 300 7 m a Hisgsns (Mountalri View^ C>aHf:> CI S Halsil cohimn (2 1 mm X 4 em; 
Sod A; 5p.m)> Tf^ peptides were fluted by ferst ?a^mg a g?^ier^l af acetc>nitri|e/0.OS5% TF^ 
30 (toliuomacetic a^y in 01% TEA-Zwaler, mtlt th% ootioeritratiors « acetomtri!^ incr^asirig from 
(QrS mmiitmy^ 9>^36^ {5-55 niintM;es)> a^d; 34-60^ C55-^S2 mmule^ A Second dimension 
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iTa<5tionati=6n of «^¥3ibis>^ki irte 17 aed IS ftom the firsst dim^mion <TF^) fraction Waa 
aeeorBplislied lasing the same gmdi em bt^t with the substitution of I iFB A (heptaJSuo 
acid) Ibr TFA. lli^ llow rate was 200 fil/omi, arid Ixactions were collected 1 mi?i (B3X>wniee 
colijmn) or 40 second {Hlggim colusno) i^itervals. A tliifd dimeB^sion of RP-HFLC was 
aekiaved usiiig mt Elde^c (Napa, Calif v) Mic^roFro Piimp^ a tomemade Cjs T^iemoapilfeTy 
icolssma^ ajid aa ABI mod?sl 7B5/^ UV ^d>^rbar>ce di^$ect<>r> Tlie coftsmri w^s prepared fey 
packing a 2^ cm bed of 10 in ;a se^c^io^i ctf 5BS |Am€>.cl./7S ^m id, fmed siJsoa 

(FolyT^lom Xectm0l0^es^ PhoeBjiXi, Adx^), In combined ftaeliom ai^d 2? of tb«^ 

secoi:^ diiti^BSioii fraction wei^ loaded onl«> eolviitm ajEKl eli^^ wtffi a gmdicait of 

memmMi^/Q^.S^%^ tn^sthylamim as^tste/water iB I) ^ethj^amia?^ aAeiam/watieir, wtih the 
conces^tmtioB of acetjanitrlfe mCT^asing Imm O-~60%fe in 40 mm^t$?$* TTh^ss flow rate was 
Bl/mm, aisd fractions w^j*^ collected into 25 pi of wafe ev^ry 30 sec. In all RF-HPLC 



■Tbe ^^osid ditneasiOH MFLC fractjon was analysed ijsing an afll^mt ;^p3itter on the 
microcapiilary ^jPLC coItimtK lit tM^ expeiimeijts the column (36() |im o.d^T^ iOO u<h with 
a 25 cm C j § hmt) wm butt txssisis^cted with a zero desid volumo to<; (yalco^ H«>es:ton^ TK,} to two 
pk^tes of fei^ed ^ffi (25 Hm and 40 pin Ld ), Peptides wet^ eluted with a 

34 mill gradient of 0-60% acetomtdM. The 25 oapillary deposited on^fli^h of the HFLC 
effluesii ioto the wells of a xBicrotitcr plate for ^-^^ io CTL epitope recomtitutlosv assays^ 
whereas the remaining. fox^r-Sfths: of the effluent was directed into the mass spectrometer. Ions.. 
were S^rmed hy eleelrospray iom^atlon, and mass spectra were reco by scaatiing between 
m:^s to eha^g^ ratios 300 ajEKl 14CK) every 13 ^^conds. Pepode sequences w^r^ 

det^miined by CAP (qoiiisk>mactivated di$s^^ tandem niass $|5ectrornetTy a§ desoribed 

in tba litomtm^ (HiLmr, a R et al., Pitjc. Mat!, Acad. S^:;i. US.A, 83:6233^^23^, Cl^^^))< 




Homojo^ V searc hes of idoiitifjod i>ei3tide sequence:^ 



aBalyssed mim tM smmb algorithm, SEQIJeST. Sea^^es were ^^arnsd vrnm SwissFrot, a 
curated fouman pi^teiii database Mt^m^^ex^s^^ to identily MHC-associatad 

peptides and their respective so uree promins that have been idei^tified in various t^pes of ^tem 
cells liable 2). Talkie 3 descnbes SBQ ID NO: 1-113, which are MIIOassocMted peptides 
fegrue^^ts) isolated trorn MOA^^^ Ovcar2 or SlvOV3.Aa tumor cells . Tattle 4 

Bsis SBQ ffi MD: 114^223^ the origmal pare^^t pmteim MHCrassocmted peptides 

Csctiv® ite^ti^ts) w^e id^Ml^ed in m>a or mo^ of the thre^ es^^ Mm-iTib-^aa i , 
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I <MOk tat globule- 
t 



mtnor marker: ss-*oc.ia$<?d with met^Ji?ta*«s i?> 
lymph nod^^ 

hrSC. him::jn ">^r^3bry->tr<c■ ^tvm Cv'Us<; 3r?nSC" hiJns>^n b-^n? sU^pot -"tis- sit?T?s 
hN'^^C hufn^iJii «c<jr<'sl f^^cjj^ ocU^s Kf^ p''^^^" hx^JiKsn cv'3t^?ch:sl ^u'?>{ colb^ 
" MiiC buidj^5^ aftjujty Cid..-\>latfor* f^^i ih-- ^jjecxlic pjotcrcu xa^iked accordtj 

" N<*£ Prfi:djct^d (mont than 10 ijmmo acids in lejigiti) 
*H<*i R.»x?k«d <pepijd«5 xjoi prese:m m the? top 2:0 mtsk) 



U*^ h^^SC. humjBLTi rTK;>^'r5v. h>fnv'd 



10 Peptides ware syrsthe^?!^:^ usmg^ a C^iison (Ivladl^on^ WiSi) AMS 422 mplti|?io i^e^tide 
s^^^Uhesi^er, Quatstities of 10 ^i^fe ^vere s>Titliesi2?i^ i^sapg coBV^^ttional FMC>C amhm ackls, 
rcssins^ and i^teTsiCiSl teijflniqueiS. Peptkle^ were purille<3 by RF-BM.^C usin^ ^ 4.6^ 100 
mfti FOR OS (Persepti vi? Bi osy^^^m$;> Cambdd^s Mas$>J ^lymn apd a W itim^ 0-^00% 

15 

Omemtio|i o^^ Den dritic CMM^ 3id F<gpt M 
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FBMC %vme putiB^d from MhA-AZ* nom%^i dpnot b\x>mi umn^ iy^ytphooyti^ mpumtm^^^ 
meaia (C^i^ppel ICJM Biomedicals A^^sb* OM). FBMC (S3 M 10^) w^x^ adtoJ to ii^<ii vidaal 
welte of a 24«we1i c^^^ Commg, MY) m I 6 xtiI of serom-lrea AJM-V medim^ 

(Life Technologies) and allowed to adliere ier 60 itiio M BT^C: NoJi-adberent cells were 
5 removed and saved as a source of effector T eoils. AdhereM FBM€ J ^ 1 CP/well) were 
timn pulsed with 50 mg/ml s^atti^elic peptides in semm^l^ee AIM-V mediun^ oontaiBijiig 1.5 
mg/nil p5t-mEcf0globii]m CCaljyo<^m-Nov^bio CA)and Mciibatssd for 2 H at 

37^a Ui^fedtind peptM^^s as^rated mid the well^ wash^ W£th media. 

10 Ma^iocyte^d^rived DC wes^ ^n^mt^d as fi>ilows. FBMC pa X lif ) ailow^ to 

a<aere in flasld^ (Gmt^Xig^ M m ml M ^mmxi^fxe^ AIM -V medium for m mm at 37^C. 
Non-adterent cells were ci>llecl^d as a j^ource of efifecti>r T cells and pooled wHh tlie 
collection above. Adlicreiit mos"iOC^tes in lla^sks were the^i c^^posed to recombinam fium^^n 
graaol0cyte maorophage colotiy stioiulating factor (CsM-CSF, 25 Hg/ml; Feprotedil and 

15 recemynaM tetiaij IL^4 (100 twml; Peprotech) in 10 ml of AIM-V mediunv coiitaioiog 10% 
beaMt>actiyaled FBS. DC ofetamed % tMs method fimT^M^ure 0 charactemed l>y 

^xpr^ssaogj of low levels of fcD8& €D8^, and Hl^ el#ss ! and cte^ llmoleci^lej? C<ia^^ 

Mot ^lio%yh)> 

aci Mature <mPC> obtained by expo^ng day S DC eiilture^ to i^ecnt^bi^j^ml 

soluMo CD40 llgBod (sG04OL; PeprOtecl-j) at 1.5 mg/fsil for 24 h in the pT^sonoe of 25 ng/ml 
OM-CSF and are cbaracton:?^ed by expression of high levers of CDSO, eog6, and HI. A class I 
aod elass II m0leeu!es. mPC were torve^ted, washed, poised with 5 mg/ml peptide in serom- 
fee AIM-V mMium a:j^d irr^i^ (5000 rad) pd or to use as stimulators. 

2.5- 

The pmtdtol tis^d here a; mbdifieatloii method described PlefeaMki et al. 

(E^^r. J> tomi^TioL 25;i7S3> (I99§^< CTL to p^tide W€^s:e generated by 3^4 cycles of 
3& ^tlmtslation with p^ttde-loaded AFC. I^ar the fim rouad of Mlmi^latlon (day 0), T eolls or 
iidn-adherent FBMC l>t>m abo^ (2.3 X lO^al or 4.3 X 16*^ per Weil) were added m hulk 



S3 



(C04% dDSX MItj etc.) to adl^^rent I^BMC-toaded p^ptsd^s in ^erum-free n^ediiirri {SO 

(5 iJS^^ml) (Feprot^cli) and kevbole Ump«?t heniocya^iisi (S mg/ml) CSigma> Si Loms, MO). 
Ciiltaras were re-stimulated with iDC ^very 7 days^ poised with varymg amoimts of peptide 
5 (second rou^^d 25 rng/mls. third roiind 10 mg/ml) arsd irradiated (5000 rad) oo day 8. At each 
re-stirnufatioii^ the eells were transferred to tiew plates by lirst aspimtmg TO?^ of speiii me^ 
m %v^liB m\d ihi^n itmi^f^ th^ pooW c<mt^i^ to b^w Fi^sfc iL-"? was addad at ^c!^ 

re-stlmiilaMcm. The s^spos^i^mtit^ {T o<^l:OC) tiatio was s^^^ at 20 for ea<?li£ ^iimiiMlcm. 
Recoml>inasit h^man (! 0 X?/mi) was added on day 5 aft^r^aoh r^^$tiBiol;attioTi. 

IC) 

Poor t0 ^^CtH^al eellsj ^^r^ laarvested and GOS" T o^lis were pyrffii^d 

by posidve sMeetiosi CDS ' Biictx>beads iTmjiunomagne^^^^ cell separat3<^^ with MACS kit 

<lVlMten3^i Bio tec, Aubtims. CA)> If a fbiirtli roond of stimulation was necessasy following CTL 
ai>a|ys|s^ tlie CTE^ wem p^dsed sts beibi^^^ except with S^i^j 0 oigfipl of pep^dd^. 

IS 

O^neraijan of a^^ 

HL^A- A2-allospecific CTL w^c^re oiJtainied in u iiilxed l>TOph«^cyte reactk by repeated 
^^limufatiOTi of HLA-ALl^" FBMO (resporsde?^) witli Irradiated HLA-A2^ sdmidator PBMC at ^ 
to nitfo 10:1 m lli^ piresenee jof 10 U/fel StirniilMidtj was t^e^^ed weelc;!:^ with j*BMC 

&pm d|l?e?^^ don0iEis 30 as to mlmmize allom^ to no?i"MLA^A2 antigens, T 

ceils were assessed tbr lysis o^i several HLA-A2* targets incloding tumor eei^^^ EBV-.B qells 
and MLA- A3 * tai^ets every week atter the tMrd round of stimulation, 

25 E^tample M 

Cytotoxic T Lym phoeyte Expamion 

p^tpsii^Hon of largie numbers of p%ildej-SEp^|fiC or J}!^A'A2*ail€^;§pecillc ^^tr 
achieved by culturin^ ^^3 3C 10^:^:13 X 10^ T cell^ astound day ^ or T po^t p^tpe* or 
allDStitri^latiD?^ in the prfeeno^ 0f 2*5^5.0 X i<)^ ltT^diait^ C5<^K) md> aflog^eic nom>a! doao^r 
30 FBMC e-osded with aiiU-Cp3 ardibody at 10 iig/ml (BO Fhar^mgen^ San Diego, CA) a?^^ ?5 
0>?ml of i^a^mbinant hnman {P^epfoteeh) bi a fin^ volume of 30 ml RPMI Bicdiutn. 
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Media changes with IL-S additjon (SO U/ml) were elected cm days $ and CelM were 
hm%'este3 tor eytotoxicity assays on 3ays 10^12 aiid f^-stinmlated or JSo^eji lor later t3^e> 

MbltiSi^e^-IP <>pa<|p^ (Hi^ Frptein Binding immpb0oa-F 0:i^mbrme^ 

Mil||p0rej Bedfords MA) weirie copied overnight at rcK>m temperature? wiltli SO |i{/we!l of 20 
lAgtol Tpome ^^^-hmnan IFf^^-^ CA) m DFPS (IrivhrogeilJ. After 

overnight ImiibatiOB^ the plates w^re v^^^hM^t^^ tiBies with 201) i^} DFBS/well ted f^lodked 

I D witl^ 200 jilyweO of RFMI 1640, 10% AB semm (MediaiecJii, Memdo^a^ V A)> 25 mM 

HepeSj 2 mM L-glutamine. 100 i)/ml |?et>lci1lin and i00 |ig/ml streptomycin (lovitmgeo^^ 
h at $7'^C^ 5% C0>>< Harvested efteiCtOT antigen specific CTL were a^d^d to the plates iii 
topiicates at 1 x 1 0^ oellsj/well with either aultur^ mediuiii alone or tijmor target shells a£ v^arious 
el1[^lor;target r^ids ai^d <?Mt\3r«4 fer 4S h m 37^C^ S% CO^. T!*e pla;le^ waslied maittially 

1 S 6 ti me§ witfe 2CK) ^ A^i^ell of OF^S/0,{)S% Tweer* . 50 ul^HwIl of2 i^mJ mo a?iti-texia^ I FN- 

addM and plates wet^ inei^t^^ed for h m^^m temperature. Plates w^e majwally washed 
4 times with I>FBS and 50 i^iAveO ofstreptavidln Hltf^ (BD Fharmi0g^i() dilM^ 1 :2O0O iii 
OFBS/1% BSA was added for i h M toom remperamm The platen w«j?m wa^^hed a fsT^al 4 times 

20 with DPBS Spot^ wem visaah5?:0d f^y BiMmg 1 00 ixi/weO of 1 rucBli^e^^ Peroxidase Suhslxate 
Oaiibersburg, MD) Ibr 2 rnin. Plates were scanned arid eocnted usis^g the ImmUTioSpot 
arialy^^er ^CeMular Technology, Ltd,, Gleveiand, Ot-I) to deteoTiiBe the nmBber of S|30ts/weiL 
The preeiJrsor freqpejiey <>f tam<>r-specitie T c^is was 4etei^lt>ed by ^iifetractii^g the 
l>a*?kgK5Uiid spot^ in txjmor ai<me and FBMC aldrie ir<>m thg^ ibiamber of s|3^tf s«^n in t^sporxs^s 

25 tf;> t i3m<.>r cell ^, 

ample 12 
I>atiems. 
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For each pati^iit cohotl^ the ?;t^^^ dnjEg cos^^ist^ of i>n^ or mores C^L^rea^ptive tujnor 
rejeclioTi peptides ideiitified isi Exatriple l l/wxth I DO nic^g of ^a^ch peptide mi^ I ml 

M<>ntta nMe ISA 51 aiid I OOmcs OM-CSF. A d^U tionally, a seco^^^i co hort receives a st^^dy drag 
consisting of one or more peptides icienti lied ii^ Example 11 with I mg of each of the peptide 
5 mixed with ! ml Moptaiiide IB A SI and lOOmcg OM-CSF. On tl>e day of immtmisiatloii^ each 
vi^l of peptides is thawed, mixed witli 100 drawn i^p into a 3m1 

syrmge mmdsiBe^ 51 (1 Mi^) arid tmx^ with OM^CSF fer a total 

vqkm^o of 2 ml. The smxtii intr^d^rm^l^^ for the 2dO microliters m^d ll^en the 

imiaiiKigT Infected ^lubeMto^ 
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WE CLAIM: 

1 . Aii isolatecl 6ligo|>eptide or peptide compdamg at least one epitopie peptide selecteil fmm 
the ^oup c4>mistm2^ of SEQ iP ^Q^' ? 

3 . Theoiigopepti^e of clai m 1 wherein said polypeptide at least ife^ee of said 

epj triple peplides. 

4, An oligopeptide or peptide coipprismg a| l^^^^^t on^ e^tc>pi^ p<q5t:6<le bavmg at 1^a??t ope ammo 
I to 113. 

5. Hie oligopeptide of Claim 4 whereN said os^e amisia aeid #fi^ren^ the respft of 
eoBservative amino acid substltptiosi. 

(x llie oligopeptide of elaisB 4 whet-ein sa^d sabst iteioa is the sii^stit uiioji: of one hydm^^^ 
amino acid fey another hydrophobio amina acid. 

7. Tile pli^peptide of claim 4 wlns^ip ^aid amino acid dift^irenee is ih^ addition or detelipn of 
ojie mmm> aeid to or fmm said oligop^pUde. 

S, A nticleic jicid compdsirj^ £i poiynMoltotidc tliat ericodos po^i^ ironi the 

gfoap consistm^ of tli^s polypeptides of claims 1, 2^ 3^ 4^, 5^ aiid 7. 

9^ ^rbe po!yp\ielood<ie of olmp^ S wberein the polynwieotide of fa) i^ ^ DMA* 

10.11^e polvs^ycleoti^e of ciaim S whema the polynucieotide of (a) is an RI^A. 
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1 1. A vector compnsing a p0l>micl<sotides of alaim 

12. A mamrnaliao eel! compiisiii^ ih© wctor of cimm I I exp^ssmg sMd po^ 

13 . A cx>mpositioe com|>iisiBg a^^ immimog^n of claim 1 . 2, 3^ 4, 5> 6^ or 7 pr^scai m a 
l^iarmsceutically acceptable carri aiM iii aoiount sufBciem Ip elieis pmdiictlon of 
mtibodias or ceils that react Avith said immonogen wherx said imm^ogen i:^ administered to im 

14. Aa aMifeody si^ifi^ 1^ 2, 3, 4, S ^^^^ csrX 

15. A m^tlis>d i^r t r^^iing a st^l>|ecl With ca^er^ ^ald cancer dbara^^terized 1>y tiimor aeO s 
e?^pre3sing miy oi^^ I MMC mi^l^^tsk?^ comprising admisyist^rfn^ saki subject a coBipositido 

ist leasst one pof y pep tide coinpri sing a^v epitope c peptide compdsmg aa ammo aeid 
seqiimc^ rejected B'o^^^ the gmiip eonsisth^g of SBQ ID M0; 1 to 1 1 3 In an. 
arriMP'tini ^allic^i^Tit t<> is>du^ a C TL response saiil tiimor c€!l!a; pt 

at least os^«^ pot 3^epti<ie comptisms m ejj#<3^pfe p^ptMe hav is^g lea^ orie aa^iiso acid 
dif fei^nce frptn m acid sequence selie^cfeed fix>m ilie group coTvsfetmg o 

SE<5 ID NO; 1 to 1 13 m a^ at^punt^offi to iild^ce a C^FL r^^ot^^^^ 
tum€*r ceils. 

1^ . Hie met hod of claim i 5, wherein said ammo acid di li^reoce fe>m air asBii^e acid 
seq!.^eB«je selected Ijom the group consisting efSEQ ID I^O: 1 to fi3 ij» the i-esulf of a 
eonscrvativc amino acid substitMion. 

..17, THe method of claim 1 5^ wberem said aitsiBO aesd dii^fere?^ fmm arnioo aci*l 
se*^umeer s«?l^6eted from the gmup comistmg NO: 1 to 1 1 3 is t!w resalt of a 

siibststution of hS^dropBofcic amino a«id witM apoth^sr hydfophol>ie aaii^ 
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1 8. 1 he method of elaim 1 5 . vv bereih said amiito acid iTermce i>om ari ami^o acid 
se<|\^en<ie selected ixoin the group consistir^g of SEQ IDNO: 1 to 113 is fclie result of an additioti 
m deletion of <>ne ?6mi^a ackl or fit>iT^ j?atd ^it6|HC p^|>tii3e^ 

W. The nielhoci of olaim 1 whesreiit^ said oompositi 01:5 fkrtfeer compri ses a^^ aclj uvHii t. 

20. It^e metllbcl of claim 19, wh«^m said adjiivant m scMcm<i fmm the group c;<msisfe^ of 
alumuiui^ ptospliate, alamimn^i l^ydr^xid^^ i^lximy ^^^d saponin, 

2 1 . The metbod of cl aim 1 5> wherein said obmposi lioii fitfthet <x>m a «?2^t0kme. 

22. The method of claim 21^ w herein said eytokine is st^ected ifem tiie gi^up eons^i^trng of 
IL-^I, IL>^?, IL-12, IL-^iS, TNF, SCF an^ aM-CSF. 

23 . The motbod of claim 1 5v whor^? in said c^ompo^ition fcrt her oomprisos a vehicsle. 

24. The metkad of claim 2X whm&mid y0n<>\e fern the gro^ip consisting of a 

liposome^ an immiinost (ISCOM);, and ^Idw-relejising parlioles* 

25- The method of c;laim 24, where in said liposome compri^e^ aji emulsiofi ^ a fban?^ a 
micel^ an imolybiit ntoBotey^r> a llquki orystaU a phospkolipkJ dtspemiopi or a lamell ax layer, 

26. The method of claim 15, wherein said polypeptide consists of 

m amieo acid seqiienee selected itom the group cos^sisliHg of SEQ ID MO: 1 to 1 13; or 
an amino aeld soquor\oe having at least ono ajTvi^o acid difl^rence Iro^ an am^mo acid 
seqyenee selected fix>3ii the gs'^Pi^p consisting of SEQ ID MO; 1 to 113. 

2? , A method ft>r trest^ng i% s^i^ect witli e^noet, ^aid eanc^ efearacteri^sed by timtor cmlU 
e?cpr^ssing any cla^s i MHC molecnle^ jsaid piethod e<?mpris^iiig adm safeiect a 

comp0sst?on con^prisiag a |Ks1ynucieottd^ compsi^iii^ a ntualoic scid seqt^ensc encoding 
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M least polypeptide comp^isfeg «pitopl<? ^ptide^ii^ acid 

$eqtienc€5 selesct^j^d from the group consisting of SEQ ID MO: I to II 5 in an; 

amount siiMcieni to induce a Cn"i/r«S|jK>n?je to said tumor cells; or 
al leas^t one polyp^plide comprixmg an epitopic peptide comprising one ar?\i no acid 

diife?^jieeibDm an axnin€> ^^oid sequor^oe selected ixom tlic gtoijp consistmg of 

SEQ ID MO; 1 to 113 ii^ an amount snfficieii^^ 

tumor ceils. 

2S , The liaesttcMj of cip^m 2% \?^berem 4 poiynpcle^ttM^ festher comprises am expr^ssiion 
veetor. 

29 , The meflkjd of claim 28, w bfe^p ^aid escpr^^ip^ V^tbr is^ a pl^smid o?- noMei?^ M^ttv^ 
vinsl vector. 

3<X The metfeod of ciairq 28V whema ^aid ejcpre^^^ion ves^tor is aa BHA viros. 

31, The metltod of c!ai?xt 28^ wherem said exg^riesstOB vector is^ a DNA vbiJS. 

32, The methcci orcJaim 29, whet^in said nonr^pHcattve vin^i vector is si^lect^^ Itqbs the 
grotip consistiiig of vacomi% tbwipim, Vet^oi^ueiail e£|m^e encephalitis viiais^ and adenovims, 

33, A m«5thod fcr treMin^ a subjeet with cancer, said caocer charHcteri:^ed hy iximar c^lls 
e^?:pre$slng ML A Al^ A2^ or A3 superlypes, ^^aid method comprising 

ad jeinistoring to said stib|€sct mdiiced CTLs in an amoimt sufficient to destroy the tomor 
oells through direct ly^jis or to effccl the de?itruction of tlic turnor cells indirectly tlirough the 
elahoratipp of ey¥:<?Mne^ said C TL^^ ind^cesd fo^ ^ ptoc^^s cpmprisin 

ipd^icmg a cytotoxic T lymphocsyte (CTi-) i?? >^?/nE? that m ^sp^cific tumor 
cells by contacting a p^jcor^or CTX, mth; 

4it jea^t otie pplyi^eplide comprising an ^|>hopsc peptS<ie 

comprising^ amtpo acid S!aquenc^e seJecU^ from the 
group eosssistmg of SiSQ IP NO; 1 ti> 1 IS under 



conditions tls^it gcHerate a CTL responst^ to so^id tumor 
csills; or 

at l^ast oiie pal vpeptMe comprising an epilopic peptide 

eoT5 prising one amino a^cii! dil^brence from an amiiio acid 
s<j€|ueiice affected irom the group eo n si stit^^ of SEQ ID 
NO: 1 to J 13 under C05iditioiis that geitiemt CTIj 
resf os^^e to titmm mitB. 

34, A ?5ietfe<xi for treating a sijtbj^ct with cancer, sai4 c^sio^r eltaract eiii^^d by tumor ceils 
^pmssirig any class 1 MHC mcslieciilei isaid^ composmg 

admi!ii$teiiig to sakl $iibj«t indu^iod GTLs iiit ^rs amount sufficient to dijstroy tte tiimw 
ce^ls throagh direct lysis or to el^ct th^ destructiont of tfee tismor cells mdirectiy thtpi^^ the 
^labomtioii of cytokines^ s$aid ClTLs iT^duced by a pmces^i compTismg 

inducing a cytomxl«:j T lymphocyte (CTL) i^'s thM is spe^?|i^e for^$^ tismor 
cells hy coi^ta^tia^ a prs?cum>r CTL^^ w 

at leas^t pois polypeptide ccm^po epitopto peptide 

compdslpg atriltK? ise^M^pc^ selected &t>m the 
gro^p eqesiijtjtig of SBQ 10 MO; 114 to 223 tinder 
eoHditions thM gmerat^ a CTL respome lo said tumoi^ 
cells; or 

at J«a$t: dt^ p^^lype^ld^ ooT^sprj^s^^ ^pitopic peptide 

<so3'JiprisiBg one amino acid diff^renee Irom an amino acid 
sequenee selected f torn the group consisiiag of SEQ ID 
MO: 1 1 4 to 223 lender conditions; that gi^ner^t^ a CTL 
response to said tmnor ceils, 

3S> A STi^thod fer imltioirig a ^>i;oti£^?^ic T ly^iqii^o^ (CTt^^ m \4tfx> thM b^peeifse for ^ 
t^mor C!©il e;^|>ressh^g I lL A Al^ A2^ or A3 SBp^ty|>es e0Tn|>TisinS^'^^?>^ ^^^^htg a j>reeursor C2TL 
with; 
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M letiBt ome: po\\'ptptMc comprism^ m kpitoptc peptM% tomptiM^ acid 
sequence S€i1ect0d fkjm the grotip consi^5ling of SEQ IP NO: I ^ 113 md^sr 
coi^dltions that generate a CTL i^s|>ooss to said tumor cells; or 

&t least one pol vpepllde compnsiiig an epite>pic ps^ptlde oetT^ptiaing one amitio acid 

diffei eii ce from an ami no acid seQoeiise selected f»m the groiip consi sting of 
SEQ lO NO; I to I IS imd^r cojiditiOH*j that geneiate a CTL response to said 
tumor c^lls, 

3?5, A x>ro deisms fbr iiKliicing a CTL reispOTis^ m %^itra ih<it m speciii Cis^ fi>r a tiimor cs?l I 
e%|>fessing A|, or A3 sii|^rtype% siaid pmc^s^ com^nsi^ contactmg^ precursor CiTL 
With a ^^0 coji^pnsit^^ 

a |5ol3^nuc!eotide composing a ttucI elc acid sequence mcoding at least p<>j;ypeptide 

compnsing an epi.ti>jpic peptide compii^mg an amino acid sicqu^srKje selected 

from tte group COBS1 sting of SBQ ID NO: J to 1 13; or 
<^ pol ynvicleotide comprising a nucleic acid sequence encoding at least one polypeptide 

comprig*ing an i^ik^pic pe|>ttde c:om|>osm acM dii^erence 

a:mipO vaei<l fxop^ ttite group 0c>n§i$lihg; of SpQ ID NO: I to 

1 13. 

3 7, A method for tfeatiilg a siib|sct with cancer^ said caiic^sr ehamctetts^eci by tumor cej^lls 
e.Hpr^s^5i*g MhA A% A2^ or A3 ^t^fxtxt^s^^ $asd process cooiprising adpiipi5s^ted*s$ Cri Ls 
indiicecrby the mclhods^^o 34 or 36 In aii amount sufficieM to destmy tl^e tnmorcelM 

thmogh direct ly^iiJs or l<> eifcci ite destrpctipp of the ti3pi^r cells^ indir^ the 
elaboration of cvtokincs. 

38, A tnethod for trcati h^ a sije b| eel with canc^r> said cancer eJiarstcten ;g^ed hy tq mor ee l Is 
cxprek^ssn^ an>^ clas^ 1 MHC mol ecule asid *i get^t^ cpdiBg tor an epi topii? seq ucitce of at te^ 
one of SEQ ID KO: 1 14 to 223^ whereby the CHl^ Of claih^ SS are administered in an atnoimt 
sufficient ti> destroy ltelup'3[or ceils througj? dit^et lysi^^ ei^^t the destrnction of the tnmor 
cells mdireetly through the eliiBorafion of cytokines^. 



39. The method of clai m I 27^^ 33 ^ 34> 57 or 3S whereji^ s^iid c^anaer is earcinoma, 

40. TM iiiethod af cJsIm i5> 27, 33^ 34> 37 or 3^ wliet^fo said caiiq^^t i§ dvaria^ c^arcisiorna. 

4 1 A metho<l ibr treati x^g a subject w ^ Ih eatjcers said m^jtliocl eoMpTiMog.: 

stimijlaliiig the pm of antibodies for u:s«5 m paiiJ^^iv^ iirrj^mu^ wherem 

said atitifeodies leact with 

i^t l^a^t one polypeptide coiBpH^in^ gii ^^Itopsii ^pftJde c6rnprlsmg ainiB^ 
^KSd^eqm^m>«? selected coiwstiBg of SEQ I to 

113 ; or 

at least xme pt>lypep ^piiopic peptKie c<>?^>ppsmg on^ amiito 

^icid difference from ai^ gtmino ac?id s^qtK^HC€? scl«?cte^ from the groyp 
coi^sisting of SEQ lO NO; I to 1 13, 

42* Thi? metiiod of 41 , wterem s^aid aBtifeods^s re^omMnaot at^tibodies. 

43 . A Hielhod d i ago osing the pcesje^OK Of «!^cer iii a subject compdsmg oM^i ning a 

^ Imsi mi^ i?0l;^eptidfe c^^^ peptide c^tnpii^is^s at> ^^Tiino 

acid sequenoc^eleerecl fesm tlie g^i^up <p^sistm t to 

113; or 

at leii?>t one pol;)^pe|>tide compdsmg:^ a^^ peptide cdmptiBiog one arnino 

^cid ditlereTice from B?i amiBo ac^d ^eq uen^e selected fe>m the group 
coosistivig of SEQ lO NO; I to 113 ; 

44< The method of claim 43^ wherem said |X>iypKjptklies a^^^ with aii antibody . 

45 . Tlt^ imMhod x>f olaim 43 wljereit^ said poiypeptid^ cdmpm^s M least two eptopsc 
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46y Thp m^ilwU of claim 43 whereiir s:;?^^ po| vpc^pttde compmes^ at least thiiee Epitope 
peptides; 

47x The metlK>d oi'ciauB 45^ said |x>iypeptide a^mprisin^ a tlrst epitopic peptkk^ and a 
second epUopk- pepiide^ wheri^in said first ctpitopic peptides coTnpnaes tile a^mino acM seqaenc;e 
ot- SBQ NO; i to 1 13 ^nd said ^c<>Bd epiti>pfec peptide compmes ammo acki seqtimc^ 
selfeotfed ftom the ipx^i^p cohsisdn^ o^^^ 1 i6 I IX 

48, Tl5<? m<?tliod of claim 1 5^ 27, 33-, 34^ 37 or 38 wl^rein s^sd earicer ts selected iiom the 
gr6\3p cdmssti^g of breast carcsmma^ ovarian eareirtom^^ C0lore€:tal carekitomas Img 

49. A auel el c acid oompnsiiig a pol mocieo tide comprisiBg a complement of the nuci ei<? 
acid of claim 
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